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 Preface
Now
gent
leme
n,
in t
heir
inte
rflo
wing
aggr
egat
e, t
hese
gran
d fr
eshw
ater
seas
of
ours
—— E
rie,
and
Onta
rio,
and
Huro
n, a
nd S
uper
ior,
and
Mich
igan
—— p
osse
ss a
n
ocea
n—li
ke e
xpan
sive
ness
with
many
of t
he o
cean
‘s n
oble
st t
rait
s . .
. . . t
hey
cont
ain
roun
d ar
chip
elag
oes
of r
oman
tic
isle
s.
They
have
hear
d th
e fl
eet
thun
deri
ngs
of n
aval
vict
orie
s.
They
are
swep
t by
Bore
an a
nd d
isma
stin
g
wave
s . .
. . . a
s di
refu
l as
any
that
lash
the
salt
ed w
ave.
They
know
what
ship
wrec
ks a
re;
for
out
of s
ight
of l
and,
howe
ver
inla
nd,
they
have
drow
ned
full many a midnight ship with all its shrieking crew.
Herman Melville
Moby Dick
In many ways, the Great Lakes ecosystem is unique in the world. Not only
do t
he G
reat
Lake
s r
epre
sent
the
larg
est
cont
inuo
us f
resh
wate
r sy
stem
on
eart
h,
but
also
in n
o ot
her
aqua
tic
syst
em i
s th
e po
tent
ial
for
prob
lems
as
grea
t.
Most
of t
he w
orld
's o
ther
grea
t la
kes
-— B
aika
l in
the
USSR
,
Tang
anyi
ka a
nd V
icto
ria
in A
fric
a,
Balk
ash
in S
ovie
t Ce
ntra
l A
sia,
and
Grea
t
Slav
e La
ke i
n Ca
nada
—— a
re g
eogr
aphi
call
y si
tuat
ed
in r
elat
ivel
y re
mote
area
s,
gene
rall
y re
move
d fr
om t
he d
irec
t cu
ltur
al
and
indu
stri
al
infl
uenc
es o
f
activities attributable to man.
The North American Great Lakes, however, are located in the geographic
hear
tlan
d of
two
grea
t i
ndus
tria
l n
atio
ns,
the
Unit
ed S
tate
s an
d Ca
nada
. T
he
Great Lakes, unlike their counterparts elsewhere on earth, not only attracted
majo
r co
ncen
trat
ions
of p
opul
atio
n,
but
also
faci
lita
ted
the
earl
y ex
plor
atio
n
of the center of the continent. Later, their shores served as ideal areas for
settlement.
The historical navigation and transportation system that developed on the
Great Lakes was so successful, that today, it is still a primary attraction
for many kinds of industry. The number of ships passing through the locks on
the St. Marys River at Sault Ste. Marie between Lake Superior and Lake Huron
is a mute testimony to the efficacy of the transportation system developed on
the Great Lakes. These locks handle more gross tonnage of shipping annually
than the Suez and the Panama Canals taken together.
This transportation system serves the industrial center of the two great
nations. Fifty—five per cent of all the heavy industry in the United States
is located in the eight Great Lakes states. Some 37 million people reside in
the Great Lakes basin; 20 per cent of the United States population, and nearly
50 per cent of all Canadians live in areas adjacent to these giants.
Historically, in North America, as indeed throughout the rest of the
world, the degree of degradation of aquatic resources is often directly
related to the degree of urbanization, and the extent of adjacent industrial
development. It is not surprising, then, that the ecology of the Great Lakes
xi
 has been severely altered by the effects of anthropogenic activities.
The
purpose of this volume is to examine one of the Great Lakes, Lake Huron, to
note the impacts of human activity, and to assess the effectiveness of remedial
efforts to preserve this remarkable body of water, and to offer projections for
the future of the lake.
Overview
Freude trinken alle Wesen
An dem Brusten der Natur;
Alle Guten, alle Bosen
Folgen ihrer Rosenspur.
Kusse gab sie uns und Reben,
Einen Freund, gepruft in Tod;
Hollust ward dem Hurm gegeben,
Und der Cherub steht vor Gott.*
Schiller
0d_e_1;9§2x
Lake Huron is the second largest of the Great Lakes by surface area. Its
nearly 60,000 square kilometers of rolling water call to mind idyllic scenes
of leisure and recreation. The very name of the lake itself evokes images of
clear, crystalline water surrounded by white, sandy beaches; of areas ideal
for swimming, boating, diving, fishing and sailing. When one thinks of Lake
Huron, a series of images spring to mind: herring gulls wheeling and turning
above bright blue water; perch and walleye in the sandy shallows; pintails,
redheads, and canvasbacks moving quietly through the reed beds; lunker lake
trout, lurking in its frigid, stygian depths; and along its shores where the
restless water laps in never—ending measure, a quiet cabin where the weary can
rest and watch a magnificent sunrise, or contemplate an inspiring sunset.
Outwardly, Lake Huron is all of these things, and more. But, to what
degree is this spectacular body of water threatened by the activities of man?
To what extent can these man—induced alterations be reversed? Hhat progress
has been made toward this end? The Lake Huron Intensive Program Summary
Report has been developed to answer these questions, using the best scientific
evidence currently available.
*All beings drink Joy
From nature's breast;
All good, all evil
Follow her trail of roses.
Kisses she gave us, and the wine of the vineyards,
Our friend, faithful even unto death;
Voluptuousness was given to the Worm,
And the Cherubim stands before God.
xiii
 
 
Executive Summary
On the basis of information collected in 1980, the Lake Huron ecosystem
can be described as generally healthy. Only a relatively few areas currently
display unmistakablesigns of human alteration and impairment. In such areas,
particularly southern Lake Huron and Saginaw Bay, there have been definite and
measurable improvements in ecosystem quality since conditions were last evalu—
ated in the l977 Upper Lakes Reference Report. Saginaw Bay has responded to
reduced phosphorus loadings from remedial programs, both in terms of phyto—
plankton biomass and community structure, showing a reduced proportion of
nuisance species. Southern Lake Huron has also demonstrated a shift in com—
munity structure to more oligotrophic species.
With respect to phosphorus, there is some evidence of a slight decrease in
Georgian Bay but thegreater part of the main lake and the North Channel
showed little change from l97l/74. Total phosphorus is the only nutrient
controlled by remedial programs and on a whole lake basis showed no increase
since 197l, meeting the requirements of non-degradation in the l978
Agreement. However, both nitrogen and silica have shown increases since l97l
and require further attention.
Other components of the Lake Huron ecosystem have also shown improvement.
Decreases have been observed in contaminant concentrations in herring gull
eggs between 1974—80 and are encouraging. The herring gull population of Lake
Huron is generally quite healthy and while some problems of contamination
still exist, particularly in and around Saginaw Bay, for the most part water—
fowl of the Lake Huron ecosystem appear to have normal lifespans and breeding
success. In fish, edible portion contaminant data indicate an increasing
trend for all fish species for PCB and a decreasing trend for DDT.
The bacteriological quality of Lake Huron waters remains good, with a
virtually unchanged and stable structure since 1974. In some localized near-
shore areas which showed signs of impairment in l974, e.g. Owen Sound and
Parry Sound, substantial progress has been made. These areas were considered
to be definitely improved in the l980 study.
0n the whole, the Lake Huron Intensive Program Summary Report may be con—
sidered to present a very positive outlook on progress to date, and offer con-
siderable optimism for the future water quality of Lake Huron.
XV
  
 1. Introduction
Ik heb van't leven vrijwel niets verwacht.
Geluk is nu eenmal niet te achterhalen.
Hat geeft bet, in de koude voorjaarsnacht
Zingen de onsterflijke nachtegalen.*
Jaques Bloem
PHILOSOPHY OF THE LAKE HURON INTENSIVE PLAN
"One of the troubles of our age is that habits of thought cannot change as
quickly as techniques, with the result that as skill increases, wisdom fades.“
Lord Bertrand Russell
Early in the history of the co—operative efforts on the Great Lakes be—
tween the governments of the United States and Canada a concern developed for
the use of a management approach which would provide for maximum cost—effec—
tiveness, yet which would be sufficiently encompassing to protect the integ—
rity of these remarkable bodies of water.
When the international accord be—
tween the two countries was signed in 1972, it was generally believed that a
management philosophy based upon criteria and standards developed to protect
water quality was
themethod of choice, affording a satisfactory level of pro—
tection for the Great Lakes at an optimal cost—benefit ratio.
By the time of the l978 re—negotiation of the Great Lakes Water Quality
Agreement,
it became clear that this criteria—based approach was not likely to
be able to address all the problems of ecosystems as complex as those found in
the Great Lakes.
Thus, while the earlier, more simplistic approach is still
in use, it is now recognized that often this approach cannot properly consider
the more subtle
interrelationshipswhich exist, and are inherent in the Great
Lakes.
For this reason, a new concept emerged in which the water quality
objectives were linked to a much broader spectrum of human and ecosystem
needs.
Thus, within this new approach, not only are water quality
*I have not expected much from life.
Happiness has not often overtaken me.
But it does not matter, for throughout the cold spring night
Sings the immortal nightingale.
  
int
err
ela
tio
nsh
ips
con
sid
ere
d,
but
als
o t
hos
e w
hic
h e
xis
t b
etw
een
all
the
in—
habitants-~human, plant, and animal——and their environment.
As
com
ple
x a
s t
he
mac
hin
ery
of
the
com
put
er
age
has
bec
ome
, t
her
e i
s n
o
mach
ine
or d
evic
e on
eart
h wh
ich
riva
ls t
he c
ompl
exit
y,
or w
hich
can
perf
orm
as m
any
dive
rse
func
tion
s as
the
simp
lest
of l
ivin
g cr
eatu
res.
Unli
ke
mac
hin
es,
liv
ing
org
ani
sms
hav
e t
he
cap
abi
lit
y t
o f
eed
the
mse
lve
s,
rep
rod
uce
,
repa
ir i
njur
ies
or m
alfu
ncti
ons,
and
adap
t to
new
infl
uenc
es,
stre
sses
, an
d
chan
ging
exte
rnal
cond
itio
ns.
Just
as t
he i
ncre
dibl
e ar
rang
emen
t of
inte
r—
dep
end
enc
ies
amo
ng
the
sep
ara
te
org
ans
and
par
ts
ena
ble
s t
he
com
ple
x o
rga
niz
a—
tion
we
have
come
to r
egar
d as
a "l
ivin
g or
gani
sm"
to e
xist
, s
o al
so t
he
comp
lex
inte
rrel
atio
nshi
ps
betw
een
and
amon
g li
ving
crea
ture
s,
and
betw
een
thes
e or
gani
sms
and
thei
r en
viro
nmen
t,
form
an i
ntri
cate
and
inex
orab
le s
et o
f
link
ages
effe
ctin
g ea
ch o
rgan
ism'
s fu
ncti
onin
g as
an i
ndiv
idua
l, a
nd i
ts
rela
tion
ship
to t
he w
hole
.
This
expa
nded
scal
e of
conc
ern
for
the
Grea
t La
kes
has been called the "ecosystem approach“.
An e
cosy
stem
can
be d
efin
ed a
s an
y ar
ea o
f na
ture
that
incl
udes
plan
ts a
nd
animals occurring together, interacting reciprocally with their abiotic
envi
ronm
ent
to p
rodu
ce a
n ex
chan
ge o
f ma
teri
als
betw
een
the
livi
ng f
ract
ions
,
and between the living and the non-living parts.
The intent of the concept is to briefly express all of the mandatory re—
lationships and interdependencies which exist between living creatures and
their surroundings. It is composed of all parts of the biological community
and the environment, which together form a functioning whole. This whole is
called nature.
This broadening of our viewpoint, this recognition that the Great Lakes
are more than a source of water, has revised the thrust of the Great Lakes
Water Quality Surveillance Program, and has prompted the substitution of the
ecosystem approach for the water quality—based approach, which did not have the
broadly based perspective required to address the problem.
Viewed from this frame of reference, Lake Huron can be seen as a very com-
plex living system in which the chemical, physical, and biological processes
all interlink and overlap in such a way as to be virtually inseparable.
Further, because of the response of the individuals and communities of organ—
isms to stress, all of these relationships are subject to constant alteration,
change, and evolution. Because of this incredibly complicated array of re-
lationships some of the descriptive material now used to express these re-
lationships has become more qualitative in nature, as opposed to the strictly
quantitative approach used in the past.
Recognition of this fact has made us realize how complex the management of
the Great Lakes really is. An example is to be found in the report of the
Phosphorus Management Strategies Task Force. This group recommended that a
staged approach to phosphorus management be adopted because of the uncertain—
ties associated with the phosphorus loading-water quality relationship.
Similar uncertainties exist with other aspects of the Lake Huron ecosystem
and its complex interrelationships. An example of the dilemma faced by
 
  
man
age
rs
is
the
nee
d t
o r
ela
te
the
con
cen
tra
tio
ns
of
the
org
ani
c c
ont
ami
nan
ts
in v
ario
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he L
ake
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n
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lth
.
At
pre
sen
t,
thi
s c
an
onl
y b
e d
one
usi
ng
inf
ere
nti
al
epi
dem
iol
ogy
and
sta
tis
tic
al
pro
bab
ili
ty,
dis
cip
lin
es
whi
ch,
whi
le
qua
nti
tat
ive
, a
re
oft
en
heavily dependent upon qualitative data.
Beca
use
of t
he s
tage
of d
evel
opme
nt o
f ma
ny o
f th
e id
eas
asso
ciat
ed w
ith
the
Grea
t La
kes,
and
the
rela
tive
imma
turi
ty o
f th
e co
ncep
t an
d th
e sc
ienc
es
supp
orti
ng t
he i
dea
of t
he u
se o
f th
e ec
osys
tem
appr
oach
on L
ake
Huro
n,
it i
s
clea
r th
at f
or a
time
it w
ill
be n
eces
sary
to c
onti
nue
to u
tili
ze t
he w
ater
qua
lit
y c
rit
eri
a c
onc
ept
.
Whi
le
con
sid
eri
ng
the
nee
ds
of
the
eco
sys
tem
, t
his
repo
rt w
ill
make
use
of t
he w
ater
qual
ity
obje
ctiv
e ap
proa
ch u
tili
zing
cri-
teria and standards where appropriate.
THE INTENSIVE SURVEY
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Grea
t La
kes
Inte
rnat
iona
l S
urve
illa
nce
Plan
(GLI
SP)
was
deve
lope
d by
the
Sur
vei
lla
nce
Sub
com
mit
tee
of
the
Wat
er
Qua
lit
y B
oar
d t
o p
rov
ide
a f
ram
ewo
rk
for
invo
lved
gove
rnme
nt a
genc
ies
to c
oord
inat
e th
e as
sess
ment
of r
emed
ial
pro
gra
ms
and
ide
nti
fy
the
cur
ren
t s
tat
us
of
wat
er
qua
lit
y i
n t
he
Gre
at
Lak
es.
The
GLIS
P ca
lled
for
an i
nten
sive
surv
ey o
f La
ke H
uron
ever
y ni
ne y
ears
as
par
t o
f t
he
sur
vei
lla
nce
pla
n.
Thi
s d
ocu
men
t r
epo
rts
the
res
ult
s o
f t
he
fir
st
surveillance on Lake Huron as developed in the GLISP.
Duri
ng l
980,
six
open
lake
crui
ses
were
cond
ucte
d;
thre
e by
the
C.S.
S.
Limn
os a
nd t
hree
by t
he R
/V R
oger
g. S
imon
s.
The
crui
ses
occu
rred
betw
een
the
mont
hs
of A
pril
and
Nove
mber
.
Nine
ty-f
our
stat
ions
were
samp
led
in L
ake
Huro
n
and
for
ty-
fou
r s
tat
ion
s w
ere
sam
ple
d i
n G
eor
gia
n B
ay.
Are
as
of
con
cer
n (
tho
se
are
as
whe
re
ben
efi
cia
l u
ses
hav
e b
een
or
may
be
imp
air
ed)
wer
e s
amp
led
ext
en—
sive
ly,
with
indi
vidu
al
plan
s de
sign
ed f
or t
he s
peci
fic
prob
lems
in e
ach
area
.
Near
shor
e ar
eas,
trib
utar
ies
and
the
atmo
sphe
re w
ere
also
samp
led.
To
unde
rtak
e a
moni
tori
ng t
ask
of s
uch
a la
rge
magn
itud
e,
a di
vers
e gr
oup
of
indi
vidu
als
affi
liat
ed w
ith
a la
rge
numb
er o
f ag
enci
es o
r in
stit
utio
ns w
as
nece
ssar
y fo
r su
cces
s.
Thes
e pa
rtic
ipat
ing
agen
cies
or i
nsti
tuti
ons
are
list
ed
in T
able
l.
Indi
vidu
als
whos
e wo
rks
have
been
used
in p
repa
ring
this
repo
rt
are cited where appropriate in the text.
TABLE I
AG
EN
CI
ES
AN
D
IN
ST
IT
UT
IO
NS
PA
RT
IC
IP
AT
IN
G
IN
TH
E
19
80
INTENSIVE SURVEILLANCE OF LAKE HURON
  
Argonne National Laboratory
Canadian Wildlife Service
Cranbrook Institute of Science
Fish and Wildlife Service,
United States Department of Interior
Gre
at
Lak
es
Env
iro
nme
nta
l
Res
ear
ch
Lab
ora
tor
y,
Nat
ion
al
Oce
ani
c
and
Atm
osp
her
ic
Adm
ini
str
ati
on
Great Lakes Fisheries Research Branch,
Department of Fisheries and Oceans
Great Lakes National Program Office,
Uni
ted
Sta
tes
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
Great Lakes Regional Office,
International Joint Commission
Great Lakes Research Division,
The University of Michigan
Large Lakes Research Station at Grosse Ile,
United States Environmental Protection Agency
Mar, Inc.
Michigan Department of Natural Resources
Michigan District Office,
United States Geological Survey
Ohio State University
Ontario Ministry of the Environment
Ontario Ministry of Natural Resources
University of Minnesota
Water Quality Branch,
Inland Waters Directorate,
Environment Canada
 
  
2. Lake Habitats
HATER
Physical
Chem
ical
and
biol
ogic
al
cond
itio
ns o
bser
ved
in l
akes
are
affe
cted
by s
uch
phys
ical
proc
esse
s as
wate
r mo
veme
nts,
ther
mal
stra
tifi
cati
on,
air-
wate
r in
-
ter
act
ion
and
ice
cov
er,
exc
han
ges
of
wat
er
bet
wee
n l
ake
com
par
tme
nts
thu
s
aff
ect
s t
he
dis
tri
but
ion
of
sub
sta
nce
s.
Wat
er
qua
lit
y o
f l
ake
s a
lso
is
inf
lu-
enc
ed
by
the
sea
son
al
the
rma
l c
ycl
e i
n w
hic
h t
her
mal
bar
s,
fall
and
spr
ing
over
turn
s,
and
vert
ical
stra
tifi
cati
on a
ffec
t th
e di
stri
buti
on o
f ma
teri
als.
Con
seq
uen
tly
, d
isc
uss
ion
of
the
bio
log
ica
l a
nd
che
mic
al
con
dit
ion
s o
f t
he
lak
e
must
cons
ider
the
phys
ical
fact
ors
infl
uenc
ing
them
.
A br
ief
disc
ussi
on o
f
the
pre
vai
lin
g p
hys
ica
l c
ond
iti
ons
dur
ing
the
per
iod
198
0 i
s d
esc
rib
ed
bel
ow.
Hater Exchange
Desc
ript
ion
of t
he w
ater
move
ment
in L
ake
Huro
n or
Geor
gian
Bay
can
be
acc
omp
lis
hed
usi
ng
dir
ect
mea
sur
eme
nts
or
fro
m m
ass
bal
anc
e t
ech
niq
ues
.
Unfo
rtun
atel
y,
curr
ent
mete
r ob
serv
atio
ns w
ere
not
perf
orme
d in
1980
.
Figu
res
1 a
nd
2 g
ive
an
exa
mpl
e o
f t
he
sum
mer
—me
an
upp
er
lay
er
cir
cul
ati
ons
det
erm
ine
d
for
Lake
Huro
n an
d Ge
orgi
an B
ay (
IJC,
1977
) f
or t
he y
ear
1974
. A
n es
tima
te o
f
the
1980
tota
l e
xcha
nges
acro
ss t
he m
ajor
inte
rfac
es o
f La
ke H
uron
was
deri
ved
(Tab
le 2
) f
rom
exch
ange
s co
mput
ed b
y pe
rfor
ming
a ma
teri
als
bala
nce
usin
g th
e
cons
erva
tive
subs
tanc
e ch
lori
de.
The
tech
niqu
e us
ed w
as t
he s
ame
as w
as p
re-
viou
sly
appl
iedto
Sagi
naw
Bay
(Ric
hard
son,
1976
).
Comp
aris
on o
f 19
80 a
nd
197
4 t
ota
l e
xch
ang
es
sho
w t
hat
agr
eee
men
t w
ith
197
4 v
alu
es
is
wit
hin
15%
for
the
exch
ange
s at
the
Stra
its
of M
acki
nac,
Nort
h Ch
anne
l,
Geor
gian
Bay,
and
Sag
ina
w B
ay—
Nor
th
Lak
e H
uro
n.
Lar
ge
dis
cre
pan
cie
s o
ccu
rre
d i
n c
omp
uta
tio
ns
of
the
exch
ange
betw
een
Nort
h Ch
anne
l an
d Ge
orgi
an B
ay a
nd b
etwe
en S
agin
aw B
ay—
Sou
th
and
Lak
e H
uro
n.
Sin
ce
the
197
4 r
esu
lts
wer
e b
ase
d o
n e
xte
nsi
ve
cur
ren
t
mete
r da
ta t
he l
arge
disc
repa
ncie
s ma
y in
dica
te a
n er
ror
in t
he c
hlor
ide
balance at these locations.
Temperature
The
the
rma
l r
egi
me
of
Lak
e H
uro
n a
nd
Geo
rgi
an
Bay
is
typ
ica
l o
f n
ort
her
n
temp
erat
e di
mict
ic
lake
s.
In g
ener
al,
the
spat
ial
dist
ribu
tion
of s
urfa
ce
temp
erat
ures
is a
refl
ecti
on o
f la
titu
de a
nd l
ake
bath
ymet
ry,
with
the
near
—
shor
e ar
eas
and
sout
hern
basi
n of
Lake
Huro
n wa
rmin
g f
aste
r in
the
spri
ng a
nd
cool
ing
more
rapi
dly
in t
he f
all.
The
foll
owin
g is
a de
scri
ptio
n of
the
thermal regime in 1980 based on the results of the six cruises.
The
firs
t cr
uise
coin
cide
d wi
th s
prin
g tu
rnov
er,
when
the
lake
was
es-
sentially isothermal.
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FIGURE 1 LAKE HURON SUMMER CIRCULATION IN THE EPILIMNION
  
   
;
   
FIGURE 2 SUMMER SURFACE CIRCULATION IN GEORGIAN BAY
 The development and subsequent offshore migration of the thermal bar dur—
ing the May and June cruises, indicated the onset of thermal stratification.
In general, offshore stations were still isothermal during this period at tem-
peratures of less than 4°C. However, during these two cruises, rapid, dif—
ferential heating of the lake, accompanied by relatively calm conditions,
resulted in the formation of several small areas where cooler, denser water
overlaid warmer, less dense water. These so-called temperature inversions
were only 0.05to 0.lS°C in magnitude, similar to those reported for Lake
Ontario (Lee and Rodgers, 1972) and would not be expected to provide any ef—
feCtive resistance to vertical mixing.
By July, the thermal bar had dissipated and lakewide stratification was
established. During this period, an anticyclonic circulation pattern dominat—
ed the epilimnion, maintaining a central core of colder, denser water sur—
rounded by warmer, less dense water. There was a tendency towards a similar
circulation pattern in Georgian Bay, but basin morphometry and exchange pro-
cesses with Lake Huron precluded its complete development.
Declining air temperatures in late summer and fall, coupled with decreas—
ing periods of solar radiation, led to a gradual cooling of surface waters.
The cooling and subsequent sinking of the surface waters, combined with wind—
induced mixing, resulted in a steady erosion of the metalimnion and a corres—
ponding increase in epilimnion thickness. This progressive deepening of the
thermocline in Lake Huron, from five metres in July to 65 metres in late
October/November had an exponential rate which can be described by the fol—
lowing equation:
y = 6.06 x lO-Olen
where n = number of days after establishment of thermal stratification and y =
depth of thermocline in metres. Approximately 60 determinations of thermo—
cline depth were used todevelop this equation.
By the final cruise, only those stations in the deepest basins of Lake
Huron were not yet isothermal. This residual stratification has been shown to
persist throughout most of the winter (Miller and Saylor, l981).
The volume-weighted temperature of three water masses (0-l0m, 60-120m and
whole lake) are presented to demonstrate the process of seasonal heating in
Lake Huron and Georgian Bay (Figures 3a, b). It is apparent that, while heat—
ing of Lake Huron continued until the fifth cruise in September/October, the
maximum rate of increase for the whole lake (0.07°C/day) occurred between June
and late July. The cycle was more advanced in Georgian Bay, peaking approx~
imately two weeks earlier, and showing a marked decline by the fifth cruise
carried out in early September.
The seasonal temperature cycle of the O—lOm layer gradually diverged from
that of the deep (60—120m) layer. With the establishment of thermal strat—
ification, this divergence increased markedly due to the 0.20°C/day rate of
warming in the surface waters of both Lake Huron and Georgian Bay. With the
progressive deepening of the surface mixed layer after July, the rate of warm-
ing decreased, due to both reduced insolation and increased entrainment of
cooler metalimnetic water into the epilimnion.
-9-
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FIGURE 3 THERMAL REGIME OF LAKE HURON AND GEORGIAN BAY
 The deep (60-l20m) layer showed a somewhat different seasonal pattern from
that of both the whole lake and the surface layer. During the first four
cruises, a slight warming trend was observed. However, once lakewide strat-
ification was established, this rate decreased to almost zero, indicating that
the hypolimnion was effectively isolated from the warmer overlying waters. It
was only when the deepening thermocline penetrated this layer prior to the
last cruise that a substantial temperature increase was noted.
lEQ
Ice formation on the lake in 1980 was slower than usual and by January 4
Saginaw Bay was only 50 per cent covered, and the northern shores of the North
Channel and Georgian Bay were thinly covered with shore ice. Colder weather
initiated ice growth along most of the coastline during the second week in
January. This growth continued until the beginning of March when the lake was
entirely ice covered, except for an area in the center of the lake and two
nearshore areas; one in southwestern Georgian Bay and the other along the
southern part of the Michigan coast (Figure 4).
During March, the ice cover began to break up due to winds and warming.
However, Saginaw Bay remained completely covered until March l7, and was not
completely free of ice until April 7. The main lake and Georgian Bay were
free of ice by the beginning of April.except in some nearshore areas. The
North Channel did not lose its ice cover until the end of April. The per cent
ice cover for Lake Huron on a weekly basis is summarized in Table 3.
TABLE 3
SUMMARY OF PER CENT ICE COVER FOR HURON 1980,
BEGINNING JANUARY 21, 1980
NUMBER OF DAYS PER CENT LAKE
BETWEEN OBSERVATIONS COVERED BY ICE
10.
29.
4o.
44.
37.
42.
74
54
37.
4o.
21.
‘
I
N
-
b
U
'
l
O
-
J
O
J
Q
J
N
I
N
‘
I
N
Q
‘
J
Q
Q
Q
N
N
N
Q
O
‘
Q
N
Q
O
W
L
”
Source: Weaver and Rockwell (Unpublished).
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The essence of an ecosystem is that it is constantly changing. Since
nothing remains the same in the Lake Huron Basin ecosystem or in any of the
living organisms which are a part of it, any change in the quality of this
system will be incorporated by all the living components of it, including
man. For this reason, a knowledge of both the abiotic and biotic components
of the Lake Huron ecosystem is essential in order to understand what changes
are occurring.
Loadings
Phosphorus — During the past decade, a major thrust of pollution control
efforts has been the reduction of phosphorus loadings. While many other
nutrient parameters were measured in l980, only phosphorus loads are summariz—
ed here since these are of major interest.
A comparison of the loading estimates in l974 and T980 are presented in
Table 4. Obvious decreases have occurred in both direct sources and in moni—
tored tributaries. Table 4 contains some information previously reported
(IJC, l977; IJC, 198l) but includes updates on the atmospheric and Lake
Superior contributions. The estimated atmospheric contribution (3l% of total
loading) is subject to considerable uncertainty and currently there is no
general agreement about how to determine this important part of the loading
more accurately. Limited data from U.S. EPA monitoring sites suggest that the
load may be as low as 600 tonnes/year (Dolan, 1982).
Seven years of data on the major United States tributary, the Saginaw
River, indicate a substantial reduction in total phosphorus loading since
1974. This is discussed further in Chapter 4.
Contaminants - Loading determinations for organic contaminants have focus—
ed primarily on the atmosphere since this is thought to be a major source
(Eisenreich, Looney, and Thornton, l981). For example, it is estimated that
airborne deposition of PCBs represents a greater input to Lake Huron than all
other possible sources combined (Eisenreich, Looney, and Thornton, l980).
However, this is still a subject of current research. This is reflected by
the disagreement between estimates of various investigators (Table 5). For
reference purposes, the total load of PCBs from the Saginaw River in 1979 was
277 kg/year (Richardson, Smith, and Wethington, 1983).
Concentrations
Major Ions, Conductivity, Alkalinity and pH — The ionic composition of the
Lake Huron—Georgian Bay system is governed largely by the composition of in—
fluents from adjoining drainage basins, atmospheric inputs and contributions
from Lakes Michigan and Superior. The lithology of the numerous drainage
basins in the system varies markedly. The north shore of Georgian Bay and the
North Channel is dominated by Precambrian Shield, the runoff from which is of
low salinity due to its resistance to weathering. In contrast, the south
shores are predominantly dolomitic limestone which, being both rich in carbon—
ates and more susceptible to weathering, contribute runoff of comparatively
high salinity. The catchment area of Lake Huron is more varied but, in
general, is dominated by a variety of limestones in the north, and shales and
-13..
 
  
TABLE 4
SUMMARY OF 1974 AND 1980 ESTIMATED PHOSPHORUS LOADING DATA
T0 LAKE HURON
(A11 va1ues are in tonnes/year)
 
MICHIGAN ONTARIO TOTALS
1974 1980 1974 1980 1974 1980
Direct Industria1
Discharge 67 2 14 1 81 3
Direct Municipa1
Discharge 62 18 128 103 190 121
Tributary:
Monitored 1,670 559 1,950 994 3,620 1,553 i
(Standard Error) - (13) - (134) - (134)
Subtota1s 1,799 579 2,092 1,098 3,891 1,676
Atmospheric 620 1,4951 T
Tributary:
Adjustment for
Unmonitored Area 172 315 174 328 346 643
(Standard Error)2 — (25) — (43) — (50)
TOTAL
Estimated inputs from:
Lake Superior
402
730
(Standard
Error)
-
(146)
Lake Michigan g_§a 2553
Tota1 Lake Input 657 985
Tota1 estimated input to Lake Huron
5,514
4,799
Target Load, 1978 Great Lakes Water Oua1ity Agreement
4,360
Tota1 may not sum due to rounding.
1Estimate uses Canadian monitoring sites on1y.
2Standard errors ca1cu1ated from tributary 1oading estimates used in making
adjustments.
3Upper Lakes Reference Group 1974-1975 estimates.
-14..
TABLE 5
ATMOSPHERIC PCB LOADS T0 LAKE HURON
 
kg/yr REFERENCES
Tota1 PCB Wet Deposition
Lake
Huro
n
825.
0+
Murp
hy,
g: ~
1 ,
1981, 19 2
Lake Huron (1ess Saginaw Bay,
Georgian Bay, and North Channe1) 124.1 1 88.82 Mu11in, 1982
Lake
Huro
n
1500
.0*
Eise
nrei
ch,
gt al., 1980
‘ Tota1 PCB Dry Deposition
1
Lake
Huro
n
1500
.0+
Murp
hy,
gt a
l.,
1981, 1982
Lake Huron 5100.0*+ Mu11in, 1982
Tota1 Bu1k Deposition
Lake Huron 2325.0 Murphy, gt al.,
, 1981, 1982
E
Lake
Huron
7200.
0*
Mu11i
n, 1
982
+Va1ue ca1cu1ated from the proportion of bu1k deposition to either wet or
dry deposition.
*Estimated va1ue which is ca1ibrated from best fit data for the Great Lakes
basin.
 
  
san
dst
one
s i
n t
he
sou
th
(Sl
y a
nd
Lew
is
197
2,
Bol
ton
195
7,
Hew
itt
197
2).
Whi
le
the
se
are
as
are
sus
cep
tib
le
to
wea
the
rin
g,
the
reb
y s
erv
ing
as
a s
our
ce
of
ions
, t
he
wat
ers
of
Lak
e H
uro
n a
re
als
o s
tro
ngl
y i
nfl
uen
ced
by
inp
uts
fro
m
Lak
e S
upe
rio
r a
nd
Lak
e M
ich
iga
n.
The
rel
ati
ve
imp
act
of
the
se
var
iou
s s
our
ces
is
bes
t i
llu
str
ate
d b
y t
he
dis
tri
but
ion
of
con
duc
tiv
ity
in
the
sur
fac
e w
ate
rs
(Fi
gur
e 5
).
Spe
cif
ic
con
duc
tan
ce
is
a m
eas
ure
of
the
tot
al
ion
ic
str
eng
th
of
the
wat
er
and
,
con
seq
uen
tly
,
is
dir
ect
ly
pro
por
tio
nal
to
the
con
cen
tra
tio
ns
of
the
maj
or
ion
s.
Lis
ted
in
ord
er
of
the
ir
dom
ina
nce
in
the
Lak
e H
uro
n—G
eor
gia
n
Bay system, these ions are:
Cat
ion
s:
Cal
ciu
m,
Mag
nes
ium
, S
odi
um,
and
Pot
ass
ium
Anions: Bicarbonate, Sulphate, and Chloride
Apa
rt
fro
m b
ica
rbo
nat
e,
all
oth
er
ion
con
cen
tra
tio
ns
wer
e d
ete
rmi
ned
dir
ect
—
ly.
Bic
arb
ona
te
con
cen
tra
tio
ns
wer
e a
ppr
oxi
mat
ed
by
det
erm
ini
ng
alk
ali
nit
y.
Whi
le
alk
ali
nit
y i
s a
mea
sur
e o
f t
he
tot
al
aci
d n
eut
ral
izi
ng
cap
aci
ty
of
the
wat
er,
and
hen
ce
can
inc
lud
e a
var
iet
y o
f c
omp
oun
ds,
at
pH
val
ues
cha
rac
ter
—
ist
ic
of
Lak
e H
uro
n a
nd
Geo
rgi
an
Bay
(pH
2 8
),
it
is
imp
art
ed
lar
gel
y b
y
bicarbonate ion (Hutchinson, 1957).
Sin
ce
con
duc
tiv
ity
is
dir
ect
ly
pro
por
tio
nal
to
the
maj
or
ion
con
ten
t o
f
the
wate
r,
exam
inat
ion
of i
on d
istr
ibut
ions
coul
d pr
ovid
e in
sigh
t in
to t
he
con
tro
lli
ng
mec
han
ism
s o
f c
ond
uct
ivi
ty.
How
eve
r,
thi
s i
nte
rpr
eta
tio
n i
s
lim
ite
d b
y t
he
fac
t t
hat
the
maj
or
cat
ion
s w
ere
onl
y i
nve
sti
gat
ed
on
the
fir
st
cru
ise
.
Fur
the
r,
whi
le
the
maj
or
ani
ons
wer
e m
oni
tor
ed
dur
ing
all
six
cru
ise
s,
due
to
ana
lyt
ica
l p
rob
lem
s,
no
res
ult
s f
or
chl
ori
de
or
sul
pha
te
wer
e
ava
ila
ble
for
the
fir
st
cru
ise
.
Con
seq
uen
tly
, i
t w
as
not
pos
sib
le
to
cal
cu—
late total ionic balances for any cruise.
The
area
l d
istr
ibut
ions
of a
lkal
init
y,
sulp
hate
and
chlo
ride
in L
ake
Huro
n
are
hig
hly
cor
rel
ate
d w
ith
con
duc
tiv
ity
(r
= 0
.92
, 0
.77
, 0
.84
, r
esp
ect
ive
ly)
.
To d
eter
mine
whic
h of
thes
e pa
rame
ters
was
the
most
impo
rtan
t in
infl
uenc
ing
con
duc
tiv
ity
, d
ata
wer
e s
ubj
ect
ed
to
a s
tep
wis
e l
ine
ar
mul
tip
le
reg
res
sio
n
ana
lys
is.
Ess
ent
ial
ly,
thi
s t
ech
niq
ue
att
emp
ts
to
acc
oun
t f
or
the
mos
t v
ari
a-
tio
n i
n c
ond
uct
ivi
ty
wit
h t
he
thr
ee
maj
or
ani
ons
by
con
sid
eri
ng
the
inf
lue
nce
of these anions in order of their importance.
Resu
lts
of t
his
anal
ysis
indi
cate
d th
at c
hlor
ide
was
the
best
dete
rmin
ing
var
iab
le
of
con
duc
tiv
ity
in
Lak
e H
uro
n,
acc
oun
tin
g f
or
84%
of
the
ann
ual
vari
atio
n.
0f t
he
rema
inin
g l6
x va
riat
ion,
alka
lini
ty a
ccou
nted
for
only
3%
and
sul
pha
te
onl
y 0
.l%
, l
eav
ing
app
rox
ima
tel
y 1
3%
of
the
var
iat
ion
una
cco
unt
ed
for
by t
he m
ajor
anio
ns.
The
fact
that
chlo
ride
was
the
larg
est
anio
nic
det
erm
ina
nt
of
con
duc
tiv
ity
sug
ges
ts
tha
t v
ari
ati
ons
in
the
ion
ic
com
pos
iti
on
of
Lak
e H
uro
n w
ate
rs
are
det
erm
ine
d p
rim
ari
ly
by
inp
uts
fro
m L
ake
s M
ich
iga
n
and
Sup
eri
or
sin
ce
the
chl
ori
de
com
pos
iti
on
of
the
se
sou
rce
wat
ers
is
so
diff
eren
t.
The
magn
itud
e of
thes
e in
flue
nces
are
such
that
they
mask
any
bio
log
ica
lly
med
iat
ed
cha
nge
s i
n t
he
less
con
ser
vat
ive
ani
ons
.
Simi
lar
trea
tmen
t of
data
from
Geor
gian
Bay
indi
cate
s th
at i
ts a
nion
ic
chem
istr
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FIGURE 5 DISTRIBUTION OF CONDUCTIVITY IN THE SURFACE WATERS
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only
50%
of t
he v
aria
tion
in c
ondu
ctiv
ity
in G
eorg
ian
Bay
over
a si
mila
r
peri
od.
Of t
hese
, a
lkal
init
y wa
s th
e mo
st i
mpor
tant
cont
roll
ing
vari
able
in
Georgian Bay, accounting for 46% of the variation. Sulphate and chloride ac—
counted for 3.5% and l.0% of the remaining variation, respectively.
Since almost 50% of the annual (May toNovember) variation in con—
ductivity in Georgian Bay remained unaccounted for, two possible inter-
pretations may be considered. First, it is possible that one linear equation
may be inadequate to describe the relationship between the major anions and
conductivity throughout the sampling period. This situation could arise if
biologically mediated changes and/or changes in inputs resulted in differing
relationships between the anions and conductivity between cruises. A second
interpretation, not necessarily exclusive of the first, is that much of this
residual variation could be accounted for by cation distributions.
To investigate the first interpretation, the regression was repeated on
Georgian Bay data on a cruise—by-cruise basis. Results of this analysis are
summarized in Table 6.
TABLE 6
VARIATION IN CONDUCTIVITY DUE TO ANIONS (X)
 
CRUISE
ION May June JULY SEPTEMBER NOVEMBER
Alkalinity 96.7 82.2 88.7 32.6 l6.2
Chloride 0.l l 6 0.5 12.6 6.3
Sulphate 0.0 0.3 0.2 0.0 0.0
These findings indicate that, during the spring and summer, alkalinity was
the principal determinant of conductivity accounting for greater than 80% of
its variation. During the fall, however, alkalinity accounted forless than
35% of the variation. It is likely during this period that the major cations
exerted a more pronounced influence on conductivity.
Mean concentrations for these parameters for each cruise are contained in
Tables 7—l2.
Oxygen - Oxygen in Lake Huron and Georgian Bay exhibited a distribution
indicative of moderately oligotrophic lakes. Concentrations were high
throughout the study period, ranging from 7.9 to l5.5 mg/L. In general,
oxygen saturation levels were in excess of 90%. Samples that had lower sat-
uration levels were, for the most part, confined to the lake bottom during the
stratified period.
Nutrients — Due to the interest and concern over phosphorus, nitrogen and
silicon loadings to, and their concentrations in, Lake Huron and Georgian Bay,
considerable resources were expended in 1980 to determine ambient levels and
to provide data for the analysis of trends. Similarly, when data from this
_ 13 -
 
  
TABLE 7
APRIL CRUISE DESCRIPTIVE STATISTICS
VARIABLE UNITS N MINIMUM MAXIMUM MEAN STD. DEV.
pH 435 7.44 8.46 8.02 0.12
Conductivity umho/cm2 435 86.0 253 194 21.4
Disso1ved
Oxygen mg/L 149 10.6 15.4 14.0 0.60
NH —N ug/L 378 0 460 3.24 5.02
N0 —N ug/L 434 33.0 485 283 39.7
Ortho P ug/L 380 0.10 9.0 0.89 0.67
So1ub1e $102 mg/L 433 0.86 2.64 1.46 0.28
Kje1dah1
Nitrogen ug/L 403 107 950 201 76.8
Tota1 P ug/L 403 2.0 58.1 5.74 4.14
Tota1
F11tered P ug/L 428 1.6 9.2 2.84 1.1
Ch1orophy11 ug/L 206 0.80 10.0 1.79 1.17
POC mg/L 206 0.11 0.90 0.26 0.16
Secchi m 71 1.0 12.5 7.70 7.70
_ 19 _
MAY CRUISE DESCRIPTIVE STATISTICS
TABLE 8
 
VARIABLE UNITS N MINIMUM MAXIMUM MEAN STD. DEV.
pH 502 7.44 8.72 8.01 0.14
Conductivity pmho/cm2 503 98.0 238 191 22.1
Disso1ved
Oxygen mg/L 163 9.4 15.5 13.4 0.66
NHa—N ug/L 492 1.0 35.0 2.54 3.42
N03—N ug/L 503 180 735 279 48.5
Ortho P ug/L 503 0.10 3.90 0.59 0.27
So1ub1e $102 mg/L 502 0.77 2.68 1.44 0.32
Kje1dah1
Nitrogen ug/L 500 68.0 762 168 68.0
Tota1 P pg/L 501 3.20 16.1 5.18 1.49
Tota1
F11tered P pg/L 494 1.40 6.40 2.38 0.62
Ch1orophy11 ug/L 256 0.90 7.80 1.99 1.03
POC mg/L 256 0.2 0.73 0.21 0.13
Secchi m 54 3.50 16.0 9.27 2.94
- 20 _
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TABLE 9
JUNE CRUISE DESCRIPTIVE STATISTICS
 
VARIABLE UNITS N MINIMUM MAXIMUM MEAN STD. DEV.
pH 544 7.99 8.76 8.26 0.15
Conductivity umho/cm2 545 98.0 251 194 21.6
Disso1ved
Oxygen mg/L 543 10.8 14.1 12.9 0.71
NH3—N ug/L 540 1.0 38.0 2.18 2.83
Nos—N ug/L 545 161 765 279 38.9
Ortho P ug/L 547 0.20 2.10 0.72 0.23
So1ub1e $102 mg/L 547 0.51 2.68 1.42 0.32
Kje1dah1
Nitrogen ug/L 545 60.0 322 124 33.0
Tota1 P ug/L 545 2.80 19.9 4.66 1.15
Tota1
F11tered P ug/L 547 0 5.0 2.09 0.42
Ch1orophy11 ug/L 311 0.90 4.70 1.99 1.59
POC mg/L 311 0.11 0.60 0.23 0.07
Secchi m 73 2.50 12.0 6.84 2.04
_ 2] _
 
 TABLE 10
JULY CRUISE DESCRIPTIVE STATISTICS
VARIABLE
UNITS
N
MINIMUM
MAXIMUM
MEAN
STD. DEV.
pH
675
7.01
9.22
8.05
0.23
Conductivity
umho/cm’
674
101
264
190
19.1
Disso1ved
Oxygen
mg/L
130
9.40
13.0
11.8
0.86
NH3—N
ug/L
674
1.0
21.0
4.89
3.63
N03-N
ug/L
674
138
334
256
32.4
Ortho P
ug/L
666
0
3.50
0.42
0.33
So1ub1e $102
mg/L
675
0
2.58
1.24
0.45
Kje1dah1
Nitrogen
ug/L
674
76.0
297
164
34.4
Tota1 P
pg/L
674
2.30
19.4
4.95
1.60
Tota1
F11tered P
pg/L
671
1.40
6.0
2.37
0.48
Ch1orophy11
ug/L
435
0.30
9.40
1.25
0.80
POC
mg/L
435
0.11
0.34
0.20
0.05
Secchi
m
93
1.50
17.6
9.09
2.38
_ 22 _
 TABLE 11
SEPTEMBER CRUISE DESCRIPTIVE STATISTICS
VARIABLE UNITS N MINIMUM MAXIMUM MEAN STD. DEV.
pH 601 7.29 8.66 8.17 0.18
Conductivity pmho/cm2 597 95.0 234 187 121.4
Disso1ved -
Oxygen mg/L 601 7.91 14.4 10.9 1.23
NHa—N pg/L 600 1.0 17.0 1.61 1.91
N03—N pg/L 600 172 354 266 38.2
Ortho P ug/L 600 0.10 3.20 0.85 0.35
So1ub1e 510, mg/L 600 0.56 2.54 1.21 0.41
Kje1dah1
Nitrogen ug/L 600 88.0 372 171 44.1
Tota1 P ug/L 600 2.90 12.9 4.76 1.23
Total
F11tered P ug/L 598 — 4.80 2.17 0.38
Ch1orophy11 ug/L 287 0.80 2.80 1.44 0.36
POC mg/L 287 0.15 0.48 0.23 0.06
Secchi m 68 1.50 11.0 6.25 2.32
-23..
 NOVEMBER CRUISE DESCRIPTIVE STATISTICS
TABLE 12
 
VARIABLE UNITS N MINIMUM MAXIMUM MEAN STD. DEV.
pH 481 7.15 8.56 8.13 0.17
Conductivity pmho/cm2 475 99.0 267 201 17.4
D15501ved
Oxygen mg/L 480 9.63 13.9 11.6 0.56
NHa—N pg/L 481 1.0 10.0 2.57 1.67
Nos-N ug/L 481 163 343 276 31.1
Ortho P ug/L 481 0.20 3.10 0.63 0.37
So1ub1e $102 mg/L 481 0.75 2.21 1.39 0.31 ;
Kje1dah1 ‘
Nitrogen ug/L 481 84.0 504 169 47.2
Tota1 P ug/L 481 3.10 15.7 5.22 1.47
Tota1
Fi1tered P ug/L 474 1.40 6.80 2.38 0.62
POC mg/L 206 0.11 0.60 0.23 0.10
Secchi m 69 1.0 9.0 4.28 1.89
_ 24 -
  
effort became available, several investigators undertook to analyze and inter—
pret it. The results are in general agreement, but naturally there are some
discrepancies in details. These do not affect the conclusions about nutrients
in Lake Huron.
The distribution of nutrients in the open waters of Lake Huron and Georg—
ian Bay are the result of anthropogenic inputs, thermal structure, regenera—
tion within the water column and assimilation by phytoplankton (Gachter,
Vollenweider, and Glooschenko, 1974). Maximum concentrations were generally
observed during the spring in the nearshore zones, associated with increased
loadings due to runoff and thermal bar formation which restricted near-
shore/offshore water mass exchange. Accompanying these high nutrient levels
was a spring pulse of phytoplanktonic growth, comprised primarily of diatoms
(Lin and Schelske, 1981; Munawar and Hunawar, l979). While production of the
vernal diatom crop is attributed to a combination of factors including light,
temperature and physical regime (Happey, l970b), the net result is the assimi-
lation of available dissolved nutrients into particulate (i.e. phyto—
planktonic) matter. This process of assimilation is accelerated in the
warmer, nutrient-rich nearshore areas and, if of sufficient magnitude to
exceed loading rates, can lead to relative depletion in the nearshore. Only
soluble reactive silica showed consistent and significant (P <0.00l) depletion
in the nearshore zone for all three spring cruises. Soluble reactive phos—
phorus, which is rapidly depleted to limiting levels in the lower lakes, show-
ed only a marginally significant (P <O.l) depletion during the June cruise.
Data Interpretation — In studying a large lake, inconsistencies in data
interpretation can arise due to spatial and temporal variation, complicated by
a relatively coarse station pattern and the serrated profiles being sampled.
Spatial variability can be accomodated by regarding the lake as a set of dis—
crete "homogeneous'I zones. The zonation pattern adopted for this study, il—
lustrated in Figure 6, was subjectively determined on the bases of basin geo-
morphology, location of nearshore inputs and the summer epilimnetic circula-
tion patterns, all of which serve to determine nutrient distributions in the
lake.
Phosphorus - One objective of the 1978 Great Lakes Water Quality Agreement
is to maintain the oligotrophic state and relative algal biomass of Lake
Huron. As various authors have demonstrated that phytoplankton growth in Lake
Huron is generally limited by phosphorus availability (Lin and Schelske, 1981;
Schelske and Roth, l973), programs have been instituted, where appropriate, to
control phosphorus input. To assess the effectiveness of these remedial pro—
grams, as well as to identify significant inputs and determine ambient concen—
trations, monitoring of phosphorus levels in Lake Huron, the North Channel and
Georgian Bay was undertaken. Four forms of phosphorus were measured: total
phosphorus (TP), a measure of both particulate (i.e. incorporated into living
matter and adsorbed onto inorganic complexes or detrital organic matter);
dissolved P, comprised of orthophosphate, polyphosphates and organic colloids;
total filtered phosphorus (TFP), a measure of dissolved P; and, soluble reac—
tive phosphorus (SRP) which provides an estimate of that component of TFP most
readily available for phytoplanktonic utilization. The lakewide mean values
for TP, TFP, and SRP are listed by cruise in Tables 7 to 12. In addition, the
areal surface distribution of total phosphorus in Lake Huron for the April
cruise is presented in Figure 7, when spring runoff was at a maximum, thereby
delineating the sources of anthropogenic and tributary inputs to the lake.
-25-
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FIGURE 7 TOTAL PHOSPHORUS DISTRIBUTION IN LAKE HURON
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wher
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the first cruise. Another area showing notab1e improvement in 1980 was
Thunder Bay in Lake Huron, receiving inputs from A1pena, Michigan and the
Thunder Bay River, with a maximum observed va1ue of 7.2 ng/L in 1980 as
compared to 10.4 ng/L in 1971.
As wou1d be anticipated from the distribution of conductivity, TP concen—
trations in the North Channe1 were ref1ective of three different water
masses. Zone 18, receiving substantia1 inf1ow fromLake Huron through Fa1se
Detour ChanneT and Mississagi Strait, exhibited nutrient 1eve1s characteristic
of Lake Huron with an area—weighted average concentration of 5.0 ugP/L dur—
ing the study period compared to 4.8 ng/L in zone 1 of Lake Huron. The
inght1y higher 1eve1$ reported in zone 18 are 1ike1y due to inputs from the
Serpent and Spanish Rivers, the only principa1 tributaries to the North Chan—
ne1 other than the St. Marys River. Zone 19, despite receiving some inf1ow
from zone 1 of Georgian Bay where TP concentrations averaged 4.3 ng/L from
Apri1 to November, had marked1y higher 1eve1s at 5.3 ugP/L indicating that
minor 10ca1 sources were present. Most distinctive were the consistent1y high
va1ues of TP reported in zone 17 due to inputs from the St. Marys River. The
average area—weighted TP concentration during the study period was 6.4
ng/L, the highest zona1 average reported in the entire Lake Huron—Georgian
Bay system. Considering an average month1y f10w of approximateTy 2,200
m3/sec from the St. Marys River in 1980, this represents a substantia1
Toading of phosphorus to Lake Huron, presumabTy due to inputs from Sau1t Ste.
Marie, Ontario and Sau1t Ste. Marie, Michigan.
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ra
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o
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8
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d
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os
ph
or
us
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at
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ar
ea
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gh
te
d
me
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va
lu
es
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0.
9
ng
/L
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ke
Hu
ro
n
an
d
0.
7
ug
P/
L
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Ge
or
gi
an
Ba
y
du
ri
ng
th
e
sp
ri
ng
.
Ma
xi
mu
m
va
lu
es
of
l.
l
ng
/L
(a
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ig
ht
ed
me
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)
in
La
ke
Hu
ro
n
we
re
re
po
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ed
in
zo
ne
s
2
an
d
10
,
pr
es
um
ab
ly
a
re
mn
an
t
of
wi
nt
er
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ul
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io
n
an
d
lo
w
ph
yt
op
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nk
to
n
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un
da
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e.
Hi
gh
co
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en
tr
at
io
ns
we
re
al
so
ob
se
rv
ed
du
ri
ng
th
e
Ap
ri
l
cr
ui
se
in
th
e
No
rt
h
-29..
 Chan
nel
(l.l
ugP/
L),
due
to i
nput
s f
rom
the
St.
Mary
s Ri
ver,
and
in z
one
12
during the May cruise (1.0 ugP/L), due to elevated levels offshore of
Lexington, Michigan.
During July, when chlorophyll a concentrations (i.e. phytoplankton stand—
ing
crop
) we
re a
t a
mini
mum
impl
ying
nutr
ient
limi
tati
on,
mini
mum
leve
ls o
f
SRP
were
repo
rted
for
both
Lake
Huro
n (0
.5 n
g/L
) a
nd G
eorg
ian
Bay
(0.4
ugP/L). The open lake zones of Lake Huron (zones l and 2) and Georgian Bay
(zon
e 10
),
leas
t su
bjec
t to
near
shor
e in
flue
nces
, s
howe
d de
plet
ions
rela
tive
to spring maximums of 50% and 57%, respectively. This is supported by
enri
chme
nt s
tudi
es w
hich
have
demo
nstr
ated
summ
er p
hyto
plan
kton
popu
lati
ons
to
be l
imit
ed
by p
hosp
horu
s av
aila
bili
ty
(Lin
and
Sche
lske
, 1
981)
when
less
than
0.2
ugP
/L.
|
Nitrogen — The principal sources of nitrogen to a lake are atmospheric
loading, nitrogen fixation, and inputs from surface and groundwater drainage.
Balancing these inputs are losses from lake outflow, bacterial denitrification
and sedimentation. Atmospheric loading contributes substantially more nitro—
gen (37%) to the total load of Lake Huron than it does phosphorus (14%) (IJC,
1977). Since this source is essentially uncontrollable, and since phytoplank—
ton growth is limited by phosphorus availability, no control measures for ni-
trogen inputs exist.
0f the numerous forms of nitrogen occurring in fresh water, four were
measured: nitrate + nitrite (N03+N02), ammonia (NHa), total kjeldahl
nitrogen (TKN) and total particulate nitrogen (TPN). Nitrogen as N03+N02 and
NH3 is readily available for assimilation by phytoplankton. TKN minus NHS is
a measure of the total organic nitrogen (TON), both particulate and dissolved,
including products of biological processes such as amino acids, polypeptides
and proteins. TPN was collected as a biomass indicator and therefore will be
discussed in Chapter 3.
Lakewide mean values of N03+N0,, NH3 and TKN for each cruise are given
in Tables 7 to 12. N03+NO2 concentrations, averaged over the six cruises,
were greater in Lake Huron (274 ugN/L) and the North Channel (271 ugN/L) than in
Georgian Bay (253 pgN/L). The highest area-weighted values (greater than
300 pQN/L) reported for 1980 were in the nearshore zones of southern Lake
Huron, specifically zones 11, 12, 13 and 14. The shoreline of southern Lake
Huron is comprised mainly of sedimentary rock, which is high in inorganic
nitrogen (Sly and Thomas, l974). Weathering of this material would, therefore,
contribute to the elevated levels of N03+N02 in these southern waters. In
addition, these elevated levels areassociated with spring snowmelt from
tributaries. For example, concentrations offshore of the Ausable River were
consistently high in the spring, reaching a maximum of 765 pgN/L at station 3
by the June cruise.
 
Consistently lower values of N03+N02 were observed in zones 6, 7 and 8
of Lake Huron. While inputs into these zones from Lake Michigan, Little Black
River and Thunder Bay River were relatively reduced in N03 content, thereby
contributing to the low observed values, phytoplanktonic assimilation of
dissolved inorganic nitrogen was undoubtedly a contributing factor, attested
to by the elevated chlorophyll concentrations observed in these areas
throughout the study period.
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con
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Acc
ord
ing
to
Har
ry
(19
78b
),
an
-3]-
  
aver
age
conc
entr
atio
n of
13.0
ugN/
L wa
s ob
serv
ed
in z
one
17 f
rom
the
peri
od
May
to O
ctob
er,
1974
.
Duri
ng a
simi
1ar
peri
od i
n 19
80,
conc
entr
atio
ns a
ver—
aged 3.7 pgN/L, representing a 72% decrease.
Tota1 kje1dah1 nitrogen (TKN) is comprised of dissoived organic nitrogen
(DON), particu1ate organic nitrogen (PON) and NH3 and consequent1y can be
re1ated to both incidences of organic po11ution and the dynamics of the
p1ankton biomass. In most instances, NH3 contributed 1ess than 2% to TKN,
except in the vicinity of the St. Marys River, where it contributes up to 18%,
again high1ighting a degree of contamination in the river. Correcting for
NH3 gives tota1 organic nitrogen (TON) of which, in average Take
cond
itio
ns,
DON
usua
11y
cons
titu
tes
appr
oxim
ate1
y 80
% (W
etze
1, 1
975)
.
The
ratio of DON to PON was investigated in this study by subtracting tota1
part
icu1
ate
nitr
ogen
(TPN
) f
rom
TKN
(cor
rect
ed f
or N
H,).
This
can
on1y
be
considered an approximation as TPN samp1es were co11ected using a 20 meter
integrating samp1er whi1e TKN samp1es were co11ected using a discrete samp1er.
Lake Huron resu1ts were consistent with the average conditions reported by
Netze1 (1975) with DON constituting, on the average, 79 to 82% of TON during
a11 the June cruises. During this particu1ar cruise, the DON fraction de—
crea
sed
to 6
9% o
f TO
N.
The
re1a
tive
1y s
ma11
rati
o of
PON
to D
ON i
s in
dica
tive
of o1
igotr
ophic
condi
tions
(Netz
eI,
1975)
. S
evera
1 st
ation
s di
d sho
w va1
ues
f
chara
cteri
stic
of eu
troph
ic c
ondit
ions,
with
PON t
o DON
ratio
s ap
proac
hing
'
1:1,
speci
fica1
1y th
ose
stati
ons
in ne
arsho
re z
ones
6, 8,
11, 1
2 and
13.
3
Resu1ts were simi1ar in Georgian Bay, with DON contributing 79 to 86% of
TON d
uring
a11 c
ruise
s.
Again
, se
vera1
stati
ons s
howed
va1ue
s in
dicat
ive o
f
'
more eutrophic conditions a1though not as much as in nearshore Lake Huron.
Those
stati
ons
indic
ative
of th
e mo
st eu
troph
ic c
ondit
ions
were
usua1
1y in
the
‘
sha11owest nearshore zones, specifica11y 1, 7, 8 and 9 (Georgian Bay,
Figure 6).
Whi1e the ratio of PON to DON gives a genera1 index of trophic status,
abso1ute concentrations of TKN are usefu1 in identifying those areas receiving
excessive organic p011ution. TKN concentrations exhibit a consistent seasona1
trend with maxima in the ear1y spring and fa11 and a distinct minimum in 1ate
spring. In most instances, those zones with the 1argest PON:DON ratios
exhibited the highest TKN va1ues, with surface station va1ues being more than
twice the Take—wide area—weighted mean va1ues. Specific areas in Lake Huron
and t
he No
rth
Chann
e1 w
ith
high
TKN
va1ue
s we
re t
hose
stati
ons d
irect
1y o
ff—
,
shore
of Gr
and B
end,
Goder
ich,
Bayfi
e1d a
nd S
outha
mpton
, On
tario
and
Lexin
g-
?
ton, Harbour Beach, Saginaw Bay andA1pena, Michigan as we11 as in the vicin—
ity of the Straits of Mackinac, the St. Marys River and the Serpent and
Spanish Rivers. In Georgian Bay, those stations with e1evated TKN va1ues were
at the Lake Huron/Georgian Bay interface, offshore of the French River, the
southwest portion of Nottawasaga Bay and in the area of Penetanguishene and
Midiand. These areas were c1ose to the most deve10ped regions of the basin
and, as such, ref1ected increased municipa1 and industria1 discharges.
Si1ic
a -
Diato
ms ar
e the
domin
ant
phyto
piank
ton
taxa
in La
ke H
uron
i
(Munawar and Munawar, 1979), often accounting for more than 90% of the species
(Lin and Sche1ske, 1981). This alga1 group is unique in their requirement for i
-32-
 silica as a cell wall constituent (Happey. 1970b) and consequently, can effect
pronounced changes on the dissolved silica distribution in the trophogenic
zone of Lake Huron and Georgian Bay.
Tables 7 to l2 summarize the lakewide mean values of soluble reactive sil—
ica (SRS) for each cruise. Lake Superior, via the St. Marys River, was by far
the principal source of SRS at levels in excess of 2 mg SiOZ/L throughout
the study period. In contrast, SRS concentrations in the remaining surface
waters of Lake Huron exhibited large spatial and temporal variation, but were
generally less than l.6 mg Si02/L. As discussed previously, when the
thermal bar was present, SRS was the onlynutrient to be consistently and
significantly depleted in the nearshore regions of Lake Huron. This was in
response to rapid phytoplankton growth in the warmer waters. By July,
area—weighted mean surface levels of SRS in the open lake had decreased by
20%, from 1.5 mg Sioz/L to l.2 mg SiOZ/L. However, the open waters
were still elevated relative to the nearshore. This difference was partially
a result of the anticyclonic circulation pattern of the epilimnion, which
continued to maintain a separation of waters. During this period differences
between nearshore and offshore epilimnetic concentrations were at a maximum.
The lowest area-weighted mean surface value (0.67l mg Si02/L) was
observed in Zone 12 (Lake Huron). However, theminimum single station values
were found at stations 63 and 64, in the vicinity of the Straits of Mackinac,
where concentrations at l meter were 0.360 and 0.340 mg Si0,/L. Levels of
silica less than 0.5 mg/L are generally considered limiting to diatom growth
(Hetzel, l975). These low concentrations are due to inputs from Lake
Michigan, where summer epilimnetic values fall in this range (Rockwell,
gt 11., 1980).
The September whole lake area—weighted surface silica values decreased 39%
from the maximum levels observed in the spring due to both widespread horizon-
tal mixing and an increase in phytoplankton standing crop associated with the
onset of fall turnover. Continued inputs from Lake Superior and, in particu—
lar, entrainment of enriched hypolimnetic waters were responsible for the in—
creasing levels observed during the October cruise.
As expected, the concentrations of SRS in the North Channel were consider—
ably greater than Lake Huron due to continued inputs from Lake Superior. A
summer minimum was observed, due to phytoplankton utilization and water mass
exchange with Lake Huron, but was never less than l.3 mg Si02/L.
Spring levels of SRS in Georgian Bay were 17% less than in Lake Huron and
exhibited considerably less spatial variation. The only apparent inputs were
via the North Channel connection (zone l) and from the French River (zone 9).
Epilimnetic depletion of SRS, while evident, was notas pronounced as that
observed for Lake Huron. Based on area—weighted surface (l m) values, the
largest summer decrease in Georgian Bay was observed in zone 9 (43%), reflect—
ing both biological utilization and reduced summer discharge from the French
River. On a whole lake basis, however, the summer minimum represented only a
29% depletion.
 
  
Distinct Water Masses — Kwiatkowski (1984) used the 1980 data base (Tables
7—12) in a regression model (El—Shaarawi and Kwiatkowski, 1977) that divides
the lake into statistically homogeneous regions. These (Figure 8) zones sup-
port quite well the subjective zones in Figure 6. Lake Huron is dominated by
a large central homogeneous area. Higher concentrations of TP and SRS enter
north Lake Huron from the St. Marys River and the North Channel and lower
concentrations of SRS and N03+N02 from Lake Michigan, which distinguish the
water masses. The difference between nearshore and open lake are clearly
evident, also the effects of Saginaw Bay continue to influence water quality
in southern Lake Huron, but these have been modified to a degree that inputs
from the Sarnia—Goderich—Ausable River area can be seen, particularly for
nitrate nitrogen and chlorophyll.
The information from nutrient and major ion concentrations can also be
combined using a multivariate statistical procedure to determine distinct
water masses in Lake Huron (Moll, gt 11., 1985). The primary motivation
behind identifying specific water masses is to determine if the water body has
spatial structure across several variables, and the nature of that spatial
structure. For a body of water such as Lake Huron, identification of spatial
variability is not surprising since such a large lake cannot be completely
mixed both vertically and horizontally. The input of several different water
types into Lake Huron is a major source of spatial variability (IJC, 1977).
Anthropogenic loadings in the nearshore zone contribute further to spatial
inhomogenities (Davis, Schelske, Kreis, 1980).
The sequence of these distinct water masses is shown in Figure 9. For
July, areas a and b are the open lake water masses for southern and northern
Lake Huron, respectively. Area c represents Saginaw Bay inputs on the United
States side and Goderich inputs on the Canadian side. Area d shows the extent
of mixing of Lake Michigan, Lake Superior and Lake Huron waters. Area e is
representative of nearshore inputs on the Michigan side and of inputs to
Georgian Bay on the Canadian side. Area f is the rest of Georgian Bay. Area
g is the zone of mixing of North Channel and Lake Superior waters and area h
represents the rest of the North Channel.
Two areas deserve particular attention because of previous research. In
1973, a long, distinct water mass was observed along Lake Huron‘s western
shore from the Straits of Mackinac to Thunder Bay (Moll, Schelske, and
Simmons, 1976). This water mass was taken to represent Lake Michigan water
entering Lake Huron through the Straits of Mackinac. This same water mass was
observed in three of the six cruises (May, June, and November). The other
specific water mass of historical interest was also a long segment on Lake
Huron's western shore. In 1974 this segment was observed running from the
mouth of Saginaw Bay, around the "Thumb" of Michigan, and into the southern
basin. This water mass was taken to represent Saginaw Bay water flowing into
Lake Huron. This segment was only observed during the first three cruises of
1980, and was only partially present during the April cruise, which demon—
strates the reduced impact of Saginaw Bay in 1980.
The identification of distinct water masses has implications for design of
future monitoring schemes. If consistently similar water masses can be locat—
ed, then fewer sampling stations will be needed to characterize the different
areas of the lake because between-station variance will be reduced. Also,
-34.;
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samples that are expensive and/or time consuming such as phytoplankton and
zooplankton counts and trace organic contaminants could be analyzed selective—
ly based on a posteriori knowledge of specific water masses. Finally, these
water masses can improve the power of long—term trend analysis. If water
masses change with time (such as the reduction in size of the Saginaw Bay
water mass), only those stations within the water mass at times of interest
should be compared. Further work is needed in this area, but progress to date
is promising.
Inter-year Comparisons — A principal objective of the 1980 Lake Huron in—
tensive surveillance program was to document any change in water quality by
comparing current results with the baseline data sets of 1971 and 1974. For
the purpose of this comparison, only those stations that were uniformly sampl—
ed in both years were used so as to eliminate any bias associated with station
locations. In total, 59 stations in Lake Huron and 44 in Georgian Bay were
comparable. To further eliminate bias, statistical comparisons were performed
on results from the 1 metre depth at spring (April) turnover when conditions
were nearly isochemical. The mean and standard deviation for conductivity,
TP, N0,+N02 and SRS for the 1971 and 1980 spring cruises on Lake Huron
and the 1974 and 1980 spring cruises on Georgian Bay are presented in Table 13
(Stevens, Neilson, and Harry, 1984).
Hhen a t-test was performed on similar stations, conductivity showed a
significant decrease (P <0.05) from 1971 to 1980 in Lake Huron, reflecting the
2% difference in spring mean values. Results for Georgian Bay indicated that
no significant change had occurred between 1974 and 1980. TP demonstrated no
significant change since 1971 in Lake Huron and 1974 in Georgian Bay (P
>0.05). These results were in keeping with the non—degradation management
philosophy for the upper Great Lakes. SRS showed a significant increase of
12% from 1971 to 1980 in Lake Huron and, as illustrated in Figure 10, this
increase was consistent throughout the respective study periods. In contrast,
SRS levels in Georgian Bay decreased significantly by 13.5% from 1974 to 1980.
N0,+H02 demonstrated a significant increase in both Lake Huron and
Georgian Bay. If a constant annual rate was assumed, then N0,+N0, increased
at approximately 5.4 ugN/L/yr in Lake Huron and 4.5 pgN/L/yr in Georgian
Bay. Similar results have been reported for Lake Ontario which has an annual
rate of increase of 8.8 ugN/L/yr, based on annual spring surface measure—
ments since 1969 (Chapin and Uttermark, 1973). In contrast to silica, much of
the nitrogen input is derived from atmospheric sources. In fact, the Great
Lakes region receives the largest inputs of nitrogen (1 gN/m’lyr) from
precipitation and bulk fallout compared to the rest of the continental United
States (Chapin and Uttermark, 1973). Further, high inputs of inorganic nitro—
gen are received from runoff through sedimentary formations, such as in the
southern Lake Huron and Georgian Bay watershed (Netzel, 1975). Considering
that these two factors account for more than 50% of the water budget of Lake
Huron and Georgian Bay, such an increase is not unexpected (IJC, 1977).
The ability to detect a real difference between the 1980 data and that of
the baseline years is dependent on the variability associated with the mean
parameter value. On a whole lake basis, variability was large, reflecting the
influence of tributary inputs on the nearshore stations. To reduce this vari-
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TABLE 13
INTERYEAR COMPARISONS
 
MEAN + COEFFICIENT OF
STUDY AREA PARAMETER YEAR STANDARD DEVIATION VARIABILITY(%) ‘
Lake Huron Conductivity 1980 202.6 + 1.92* 0.9
(pmhos/cmz) 1971 . 206.6 + 5.39 2.6
Tota1 1980 4.62 + 0.71** 14.4
Phosphorus (pg/L) 1971 4.13 + 1.50 35.5
Nitrate + 1980 283.0 + 10.1* 3.5
Nitrite (pg/L) 1971 235.0 + 10.62 7.9
So1ub1e Reactive 1980 1.497 + 0.096* 7.5
Si1ica (mg/L) 1971 1.395 + 0.050 3.5
Georgian Bay Conductivity 1980 184.0 + 13.87** 7.5 ;
(thOS/sz) 1974 188.4 + 6.29 3.3 ‘
Tota1 1980 5.08 + 2.03** 40.0 1
Phosphorus (ug/L) 1974 4.66 + 3.02** 64.7 1
Nitrate + 1980 267.1 + 26.82* 10.0
Nitrite (pg/L) 1974 240.3 + 20.39* 8.5
So1ub1e Reactive 1980 1.248 + 0.176* 14.1
Si1ica (mg/L) 1974 1.444 + 0.184 12.7
*Significant difference (5% 1eve1).
**No significant difference (5% 1eve1).
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The
1978
Wate
r Qu
alit
y Ag
reem
ent
obje
ctiv
e fo
r me
rcur
y wa
s ex
ceed
ed t
wice
(8.8
% of
all
samp
les)
duri
ng 1
980.
This
was
most
like
ly a
resu
lt o
f sa
mple
cont
amin
atio
n.
The
prop
osed
obje
ctiv
e fo
r se
leni
um w
as e
xcee
ded
once
(4.4
% of
all samples).
Usin
g th
e av
aila
ble
hist
oric
al
data
, de
tect
ion
of t
race
meta
l t
rend
s is
diff
icul
t.
Impr
ovem
ents
in i
nstr
umen
tati
on a
nd m
etho
dolo
gy h
ave
lowe
red
dete
ctio
n l
imit
s an
d th
e am
ount
of s
ampl
e co
ntam
inat
ion.
Thus
, me
tals
whic
h
appe
ar t
o be
decr
easi
ng
in c
once
ntra
tion
may
appe
ar s
o on
ly b
ecau
se o
f th
e
adva
ncem
ent
of t
echn
olog
y.
The
foll
owin
g tr
ends
are
to b
e co
nsid
ered
tent
a—
tive. A number of metals appear to be decreasing in concentration. These
incl
ude
diss
olve
d ar
seni
c,
tota
l c
admi
um,
diss
olve
d ca
dmiu
m,
diss
olve
d co
pper
,
total lead, dissolved lead, total nickel, dissolved nickel, total zinc, and
dissolved zinc (Table 14). Total cobalt and total vanadium concentrations
appear to have increased (Table 14).
TABLE 14
SUMMARY OF PROBABLE METAL TRENDS IN LAKE HURON WATER
TREND NOT DISCERNIBLE
METAL INCREASE DECREASE NONE FROM DATA
Al X
As X
Cd X
Co X
Cr ' X
Cu X
Fe X
Hg X
Pb X
Mn X
Ni X
Se X
V X
Zn X
The Toxic Unit Concept as recommended by the Aquatic Ecosystem Objectives
Committee (IJC, 1981) has been applied to the 1980 trace metals data (Table
15). Briefly, the concept is that the ratio of measured concentration of each
metal to its water quality objective should be calculated and summed. If the
sum is greater than 1.0, there may be cause for concern. Metals contributing
0.2 or greater toxic units to the sum are flagged in Table 15.
Organics
The levels of PCB in the water column ranged from 0.1 ng/L in Georgian Bay
to 3.2 ng/L in the North Channel. The mean values for Lake Huron, North
Channel and Georgian Bay in 1980 were, respectively, 0.4, 1.7, and 1.4 ng/L.
The mean for Lake Huron in 1981 was 0.6 ng/L (Filkins and Smith, 1982).
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E H
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N W
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WIT
H T
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O C
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i
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.
—
,
—
a
s
.
—
4.08
0.86
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Cd.
Hg,
Ag.
Se
Hg,
Se
Se
Hg,
Se
Hg,
Se
Cd,
Hg,
Ag,
Se
Se
*NC
= No
rth
Chan
neT,
UH =
Uppe
r La
ke H
uron
, CH
= Ce
ntra
l La
ke H
uron
, LH
= Lo
wer
Lake
Huro
n.
**Re
port
ed v
alue
s of
1.7
and
2.8
were
igno
red
and
repT
aced
by v
alue
of n
ext
clos
est
stat
ion,
resp
ecti
veTy
.
***
Con
tri
but
ion
gre
ate
r t
han
0.2
toxi
c u
nits
.
 
 Me
an
co
nc
en
tr
at
io
ns
of
pe
nt
ac
hl
or
ob
en
ze
ne
we
re
0.
00
3
an
d
0.
00
9
ng
/L
an
d
hex
ach
lor
obe
nze
ne
wer
e
0.0
02
and
0.0
04
ng/
L
for
198
0
and
198
l,
res
pec
tiv
ely
,
in the open lake.
Lon
g—t
erm
tre
nds
are
dif
fic
ult
to
est
abl
ish
,
as
is
the
cas
e
wit
h
met
als
.
It
app
ear
s,
how
eve
r,
tha
t
phe
nol
s
are
dec
rea
sin
g
in
the
St.
Mar
ys
Riv
er
and
Can
adi
an
nea
rsh
ore
reg
ion
s.
Tox
aph
ene
had
not
bee
n
det
ect
ed
pre
vio
usl
y,
but
was found at l.6 ng/L in l980.
SEDIMENT
Physical
Depositional Areas
In
Lak
e
Hur
on,
les
s t
han
one
—ha
lf
and
per
hap
s
as
lit
tle
as
one
—th
ird
of
the
lak
e
bot
tom
are
dep
osi
tio
nal
are
as
(Ro
bbi
ns,
l98
0).
Are
as
of
san
d,
bed
—
roc
k,
til
l
and
gla
cio
lac
ust
rin
e
cla
y
are
con
sid
ere
d
as
non
-de
pos
iti
ona
l.
Fig
ure
ll
ill
ust
rat
es
the
sur
fic
ial
sed
ime
nt
dis
tri
but
ion
in
Lak
e
Hur
on.
Bec
aus
e m
ost
con
tam
ina
nts
in
the
wat
er
col
umn
are
ass
oci
ate
d
wit
h
fin
e—g
rai
ned
sed
ime
nta
ry
mat
eri
als
,
the
se
ten
d
to
acc
umu
lat
e
in
the
dep
osi
tio
nal
bas
ins
.
Wit
hin
sou
the
rn
Lak
e
Hur
on,
the
re
are
two
pri
nci
pal
dep
osi
tio
nal
bas
ins
(Fi
gur
e
12)
,
the
Por
t
Hur
on
bas
in
to
the
wes
t
(me
an
dep
th
=
88
m)
and
the
God
eri
ch
bas
in
to
the
eas
t
(me
an
dep
th
= l
l9
m).
Alo
ng
the
nar
row
esc
arp
men
t
bet
wee
n t
hes
e b
asi
ns,
the
re
is
no
sig
nif
ica
nt
acc
umu
lat
ion
of
pos
t-g
lac
ial
mud
s.
Thu
s
sam
pli
ng
was
con
cen
tra
ted
in
the
se
two
bas
ins
.
The
res
ult
s
for
nor
the
rn
Lak
e H
uro
n a
re
una
vai
lab
le
at
thi
s t
ime
.
Sedimentation Rates
The
mea
n s
edi
men
tat
ion
rat
e f
or
the
God
eri
ch
bas
in
is
35.
7 m
g/c
m2
yea
r,
whi
le
for
the
Por
t H
uro
n b
asi
n i
t i
s l
2.8
mg/
cm2
yea
r.
The
se
val
ues
imp
ly
tha
t
abo
ut
10
ton
nes
of
fin
e—g
rai
ned
sed
ime
nts
are
bei
ng
dep
osi
ted
ann
ual
ly
whi
ch
cor
res
pon
ds
to
an
are
a—w
ide
rat
e o
f l
l.4
mg/
cm2
yea
r f
or
sou
the
rn
Lak
e
Hur
on.
Thi
s
is
not
muc
h
dif
fer
ent
fro
m
the
mai
n
lak
e
ave
rag
e
of
10
mg/
cm2
yea
r r
epo
rte
d b
y K
emp
, e
t a
1.
(19
74)
.
Hig
her
sed
ime
nta
tio
n
rat
es
in
the
God
eri
ch
bas
in
are
due
to
int
ens
e
dep
osi
tio
n
of
dol
omi
te.
The
lin
ear
rat
e
of
sed
ime
nta
tio
n
is
qui
te
low
in
sou
the
rn
Lak
e
Hur
on,
ran
gin
g
fro
m
0.5
—1.
0
mm/
yea
r
in
the
Por
t
Hur
on
bas
in
to
1.5
mm/
yea
r
in
the
nor
the
rn
sec
tio
n
of the Goderich basin.
Sed
ime
nt
mix
ing
is
imp
ort
ant
bec
aus
e
it
inc
rea
ses
the
con
tac
t t
ime
bet
wee
n
con
tam
ina
ted
sed
ime
nts
and
the
ove
rly
ing
wat
er.
How
eve
r,
the
con
cen
tra
tio
n
of
the
se
con
tam
ina
nts
on
the
sed
ime
nt
can
be
dil
ute
d a
s a
res
ult
.
0n
the
ave
r-
age
, a
sed
ime
nt
par
tic
le
res
ide
s i
n t
he
mix
ed
zon
e o
f s
edi
men
t f
or
abo
ut
20
yea
rs
in
sou
the
rn
Lak
e H
uro
n.
In
cer
tai
n a
rea
s o
f t
he
God
eri
ch
bas
in,
how
—
eve
r,
thi
s
res
ide
nce
tim
e i
s l
ess
tha
n l
0 y
ear
s.
Bec
aus
e o
f t
hes
e
lon
g r
es—
ide
nce
tim
es,
any
rec
ent
imp
rov
eme
nts
in
wat
er
qua
lit
y w
ill
not
be
see
n i
n
sed
ime
nt
pro
fil
es
for
qui
te
som
e t
ime
.
’
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.E
Chemical
mm;
The
sedi
ment
s pl
ay a
n im
port
ant
role
in t
he n
utri
ent
cycl
es o
f La
ke H
uron
,
esp
eci
all
y f
or
sil
ica
, a
nd
to
a l
ess
er
deg
ree
, f
or
pho
sph
oru
s.
As
amo
rph
ous
sil
ico
n (
pri
mar
ily
fro
m d
iat
om
fru
stu
les
) f
lux
es
dow
nwa
rd
to
the
mix
ed
sed
i—
men
t l
ayer
, s
ome
of
it
is
con
ver
ted
to
SRS
in
the
sed
ime
nt
por
e w
ate
r a
nd
rel
eas
ed
bac
k t
o t
he
ove
rly
ing
wat
er.
Thi
s p
hen
ome
non
can
be
see
n i
n d
ata
fro
m s
ele
cte
d s
out
her
n L
ake
Hur
on
sed
ime
nt
cor
es
(Fi
gur
es
l3
and
14)
.
In
eac
h
cas
e,
the
amo
rph
ous
sil
ica
rap
idl
y d
ecr
eas
es
wit
h
sed
ime
ntd
ept
h,
whi
le
the
dis
sol
ved
sil
ica
in
the
por
e w
ate
r i
ncr
eas
es.
Dis
sol
ved
sil
ica
in
the
fir
st
5 c
m o
f t
hes
e c
ore
s i
s b
ein
g r
ele
ase
d t
o t
he
ove
rly
ing
wat
er
and
res
ult
s
in
an
upw
ard
flu
x o
f S
RS
whi
ch
is
a m
ajo
r n
utr
ien
t f
or
dia
tom
s.
Thi
s f
lux
has
bee
n
est
ima
ted
to
ran
ge
fro
m 7
50
to
1,7
00
pg
Si/
cm
yea
r (
Rob
bin
s,
l98
0).
Thi
s
est
ima
te
is
in
agr
eem
ent
wit
h m
eas
ure
men
ts
mad
e o
n n
ort
her
n L
ake
Hur
on
cor
es
(Re
mme
rt,
gt
gl.
,
l97
7)
whi
ch
ran
ged
fro
m l
,01
6 t
o 2
,05
0 p
g S
i/c
m
yea
r.
The
re
is
str
ong
evi
den
ce,
the
n,
tha
t t
he
reg
ene
rat
ion
of
SRS
fro
m t
he
sed
i-
men
ts
is
a m
ajo
r p
roc
ess
in
the
cyc
lin
g o
f s
ili
ca
in
the
wat
er
col
umn
.
Eac
h o
f t
he
cor
es
in
Fig
ure
13
exh
ibi
ted
an
inc
rea
se
in
amo
rph
ous
sil
ica
of
app
rox
ima
tel
y 5
0%
nea
r t
he
sur
fac
e c
omp
are
d t
o l
eve
ls
bel
ow
l0
cm.
Acc
ord
—
ing
to
21°
Pb
dat
ing
, t
his
rep
res
ent
s t
he
las
t 3
0 o
r 4
0 y
ear
s.
Sch
els
ke,
gt
g1.
(l9
83)
rep
ort
sim
ila
r i
ncr
eas
es
in
all
of
the
Gre
at
Lak
es,
but
for
dif
—
fer
ent
tim
e p
eri
ods
.
Thi
s i
ncr
eas
e i
s d
ue,
in
par
t,
to
amo
rph
ous
sil
ica
tha
t
is
per
man
ent
ly
sto
red
in
the
sed
ime
nt.
Thi
s p
erm
ane
nt
inc
rea
se
in
sto
rag
e o
f
amo
rph
ous
sil
ica
tha
t h
as
not
bee
n r
ecy
cle
d i
s c
ons
ist
ent
wit
h t
he
lon
g-t
erm
dep
let
ion
of
SRS
rep
ort
ed
for
the
wat
er
col
umn
(Co
nwa
y,
gt
gl.
, 1
977
;
Sch
els
ke,
gt
gl.
, l
984
).
Dia
tom
cou
nts
in
sed
ime
nt
con
fir
m t
hat
inc
rea
sed
sed
ime
nta
tio
n o
f d
iat
oms
has
occ
urr
ed
(Sc
hel
ske
, g
t g
l.,
198
3).
The
sam
e t
ype
of
cyc
lin
g m
ay
be
occ
urr
ing
to
a l
ess
er
deg
ree
for
pho
s-
pho
rus
.
How
eve
r,
the
dat
a a
vai
lab
le
at
thi
s t
ime
are
inc
onc
lus
ive
.
TP
con
-
cent
rati
ons
in s
outh
ern
Lake
Huro
n se
dime
nts
are
show
n in
Figu
re 1
5.
Contaminants
Tra
ce
Met
als
— T
rac
e m
eta
l c
onc
ent
rat
ion
s i
n s
edi
men
ts
can
be
use
ful
for
docu
ment
ing
long
—ter
m tr
ends
.
Unli
ke w
ater
data
, r
elia
ble
resu
lts
are
avai
l—
abl
e w
hic
h p
re—
dat
e t
he
set
tle
men
t o
f t
he
Lak
e H
uro
n b
asi
n.
The
res
ult
s a
re
der
ive
d f
rom
the
ana
lys
is
of
sed
ime
nt
cor
es
whi
ch
are
dat
ed
usi
ng
21°
Pb.
For
Lak
e H
uro
n,
Rob
bin
s (
l98
0)
col
lec
ted
and
ana
lyz
ed
num
ero
us
cor
es.
The
se
cor
es
ext
end
ed
dee
p e
nou
gh
to
sam
ple
pre
—se
ttl
eme
nt
sed
ime
nts
.
By
com
par
ing
rec
ent
sur
fic
ial
sed
ime
nt
con
cen
tra
tio
ns
to
pre
—se
ttl
eme
nt
con
cen
tra
tio
ns,
he
calc
ulat
ed e
nric
hmen
t fa
ctor
s fo
r nu
mero
us m
etal
s an
d fo
und
mang
anes
e, c
ad—
mium
, co
pper
, l
ead,
nick
el,
and
zinc
to b
e co
nsis
tent
ly e
nric
hed
in s
urfi
cial
sedi
ment
s.
Elem
ents
whic
h sh
owed
enri
chme
nt o
nly
occa
sion
ally
or f
or w
hich
only
a fe
w co
res
were
anal
yzed
incl
ude
iron
, ar
seni
c,
chro
mium
, a
ntim
ony,
tin,
mercury, barium, andmolybdenum.
-47..
-
4
8
-
 
LAKE HURON CORES (EPA-SLH°75)
  
O"
.
7
<
{
‘
I
1
20
l
lll
E
8
I
1—25
:1.
Lu
C3
30r'
L
-
-
  
o
l
l
o
1
I
3
5
         
50
1 1
1 1
1
.1
1 1
1
 
O 0.5
LO 1.5
2.0 O
0.5 LO
I5 0 0.
5 |.O
l5 0 0
.5 LO
LS
AMORPHOUS SILICON (WT. °/o)
FIGURE
13 VE
RTICAL
DISTRI
BUTION
OF AMO
RPHOUS
SILICO
N IN S
ELECTE
D GODE
RICH
BASIN
CORES
2.0
(
W
3
)
H
i
d
I
-
I
O
-
4
9
-
 
LAKE HURON
CORES (EPA-
SLH-TS)
I
l
 
   
l
8
A
zo—
r
°-—
°——
~—
30-
- -
- L—
ﬂ 4
35—
!
-—
.—
~
.
——
45—
~—
——
——
            
50
I 1
I °
l 1
J I
1 '1
1
I I
1
O 5
IO I
5 20
O 5
IO I
5 20
O 5
IO [
5 O
5 IO
I5
DISSOLVED SILICON (pg/m3)
FIGUR
E 14
VERTI
CAL
DISTR
IBUTI
ON OF
DISSO
LVED
SILIC
ON IN
SELEC
TED
CORES
    
   
   
   
 
      
 
   
Kincardine
Goderich
43°30'—
 
PHOSPHORUS
(#919)
<5oo
E] 500-4000
moo—2000
[2000—3000
I saw
 
4»
N
SOUTHERN LAKE HURON
  
Sarnio
0 10 20 30 4O
‘ Kl LOMETERS
82°30' 82°00'
  
FIGURE 15 DISTRIBUTION OF PHOSPHORUS IN SURFACE SEDIMENTS
-53-
 
 Similar work by Kemp and Thomas (l976a,b), comparing pre—colonial and
recent sediments, showed mercury to be very slightly enriched and lead, zinc,
cadmium, and copper to be enriched.
The background concentrations used by Kemp and Thomas (l976a,b) and
Robbins (l980) are summarized in Table 16. Included within the table are
metal concentrations for the basins of Lake Huron where sediments are accumu—
lating (Konasewich, gt al., 1978). Comparison of data sets leads to the con—
clusion that cobalt, chromium, copper, mercury, nickel, lead, and zinc are
accumulating in recent sediments at concentrations above historical levels.
TABLE 16
COMPARISON OF METAL CONCENTRATIONS IN RECENT SEDIMENTS
WITH THOSE IN OLDER SEDIMENTS (mg/kg)
HISTORICAL CONCENTRATIONS RECENT SEDIMENTS2
GEORGIAN BAY
KEMP AND THOMAS (1976a,b) ROBBINS (1980)1 AND
METAL LAKE HURON NORTH CHANNEL
BASINS BASINS
As 6.0 1.88 7.19
Cd 1 1.6 1.3 2.01
CD 12.2 17 24
Cr 55 43 176
Cu 38 30 46 60
Hg .15 .03 .277 .392
Ni 35 51 119
Pb 39 3O 66 67
V 120 54 77
Zn 94 65 86 146
1Derived from his data.
2Konasewich, gt a1. (l978).
Organics - For the period of l969 through l977, a number of conclusions
can be made. The highest PCB concentrations in sediments were found in
Saginaw Bay. In the main lake, PCB concentrations were highest in the Saginaw
Basin. Elevated concentrations were found in the nearshore region of Owen
Sound and Collingwood Harbour. During the period of l957—l978, the highest
concentration of DDT residues was found in Saginaw Bay sediment. Main lake
DDT residue concentrations were higher than those in Georgian Bay or North
Channel sediments. The highest dieldrin concentration was reported for
Saginaw Bay in l975. Georgian Bay had an elevated mean dieldrin concentration
compared to the main lake and the North Channel. DDE, DDD, DDT, DDT residues,
and PCB were found in highest concentrations at the tops of cores. Resolution
for the cores was approximately 30 to 50 years. Thus, no recent trends could
be inferred.
_ 51 _
  
BEACHES
The State of Michigan has 48 beaches used for swimming. Of these, 22 were i
monitored during 1981. During both l980 and 1981, two beaches were permanent— '
ly closed. These were Bay View Beach at Alpena and St. Ignace Beach at St.
Ignace. Bay View Beach is closed for aesthetic reasons; a saw mill's wastes
dumped l00 years ago are now surfacing. St. Ignace Beach is closed until the
combined storm and sanitary sewer system is corrected. 1
During l980 and 198l, temporary closings occurred only at Lexington Beach
near Sanilac. The closings were due to discharge of Lexington‘s wastewater
treatment lagoon to the lake (Witt, l980, l981).
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 3. Aquatic Life
Th
e
pr
es
en
ce
of
to
xi
c
su
bs
ta
nc
es
,
ma
ny
of
wh
ic
h
bi
oa
cc
um
ul
at
e,
is
a
se
ri
ou
s
th
re
at
to
th
e
he
al
th
of
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m.
Al
th
ou
gh
ma
ny
co
n-
ta
mi
na
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Herring Caspian
Gulls Tern
Pumpkin Point
Double Island
Castle Rock
Nottawasaga Island
Manitoba Reef
Black River Island
Chantry Island
Little Charity Island
Channel/Shelter Island
x
-
X
X
X
l
L
o
a
n
s
n
r
w
b
w
r
u
—
I
x
x
x
x
x
x
x
x
x
   
* monitored annually from 1974
FIGURE 16 MONITORED BIRD COLONIES IN LAKE HURON, 1980
 
TABLE 18
 
LEVELS OF DDE, PCBS AND MIREX (ppm, wet weight) IN HERRING GULL
EGGS FROM NINE LAKE HURON COLONIES, 1980
 
%
COLONY FAT1 0051 PCle MIREX1
North Channe]
Pumpkin Point 7.91A 3.14 26.39A'B 0.13
Doubie Is1and 9.063.0 2.60 17.41A 0.05
Georgian Bay
Cast1e Rock 7.74A 3.35 11.59A 0.17
Nottawasaga Is1and 1.93A 2.13 16.19A 0.30
Main Body
Manitoba Reef 8.30A:B 6.38A 43.12B 0.21
Black River Is1and 7.92A 5.83A 28.68A:B 0.12
Chantry Is1and 9.42C 2.83 23.41A,B 0.16
L1tt1e Charity Is1and 7.83A 6.44A 41.93B 0.08
Channel/She1ter Island 8.85A’Brc 8.89B 69.55A 0.20
1Means which have ietters in common are not significantly different
(P <0.05, SNK test) from one another.
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 TABLE 20
SUMM
ARY
OF F
ISH
SPEC
IES
AND
YEAR
S WH
ERE
ORGA
NIC
CONT
AMIN
ANT
CONC
ENTR
ATIO
NS
HERE IN EXCESS OF THE INTERNATIONAL JOINT COMMISSION OBJECTIVES
COMPOUND SPECIES YEARS
PCB Carp 1969—1980*
Channe1 catfish 1969—1980*
Ye11ow perch 1968-1979*
Lake trout 1969—1980*
B1oater chub 1969-1978*
Lake Whitefish 1969—1976*
Wa11eye 1969-1980*
Coho sa1mon 1968-1980*
Chinook sa1mon 1973—1980*
Brown trout 1973~1980*
Sp1ake 1969-1975*
Rainbow trout 1968—1975*
Cisco 1969—1976*
Burbot 1974*
Northern pike 1974*
DDT Carp 1967-1972
Die1drin-a1drin
Mercury
Channe1 catfish
Ye11ow perch
Lake trout
BToater chub
Lake whitefish
Ha11eye
Coho sa1mon
Chinook sa1mon
Brown trout
Sp1ake
Rainbow trout
Cisco
Burbot
Ye11ow perch
Lake trout
B1oater chub
Sp1ake
Na11eye
1966—1972, 1979
1967-1968, 1970
1969-1979
1966, 1970-1978*
1966, 1970
1966, 1969-1971
1971-1973
1973—1974
1973
1969-1970, 1975*
1968-1970
1969—1975
1974*
1979*
1977—1979
1974—1975
1975*
1973—1974, 1978*
*Last year of ana1ysis.
Reference — IJC, 1978.
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we
re
hi
gh
es
t
in
fi
sh
co
ll
ec
te
d
fr
om
th
e
op
en
la
ke
an
d
Ge
or
gi
an
Ba
y
(1
96
7—
19
80
).
Me
rc
ur
y
co
nc
en
tr
at
io
ns
we
re
hi
gh
es
t
in
fi
sh
fr
om
th
e
ma
in
la
ke
.
Me
rc
ur
y
co
nc
en
tr
at
io
ns
we
re
fo
un
d
to
be
si
gn
if
ic
an
tl
y
in
cr
ea
si
ng
in
ma
in
la
ke
fi
sh
(1
96
9—
l9
80
)
(K
re
is
an
d
Ri
ce
,
In
pr
es
s)
.
Co
nt
am
in
an
t
le
ve
ls
me
as
ur
ed
in
wh
ol
e
fi
sh
sa
mp
le
s
of
to
p
pr
ed
at
or
an
d
fo
r—
ag
e
fi
sh
sp
ec
ie
s
fr
om
se
ve
ra
l
si
te
s
in
La
ke
Hu
ro
n-
Ge
or
gi
an
Ba
y
(F
ig
ur
e
18
)
we
re
ut
il
iz
ed
to
de
te
rm
in
e
sp
at
ia
l
va
ri
at
io
n
in
ec
os
ys
te
m
co
nt
am
in
at
io
n.
Tr
ac
e
me
ta
l
an
d
or
ga
ni
c
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
we
re
me
as
ur
ed
in
al
l
to
p
pr
ed
at
or
co
ll
ec
ti
on
s
wh
ic
h
co
ns
is
te
d
of
la
ke
tr
ou
t,
sp
la
ke
an
d
wa
ll
ey
e
(T
ab
le
21).
Th
e
si
gn
if
ic
an
tl
y
gr
ea
te
r
PC
B,
p,
p'
-D
DE
an
d
ZD
DT
co
nc
en
tr
at
io
ns
me
as
ur
ed
in
la
ke
tr
ou
t
fr
om
Po
in
t
Ed
wa
rd
ma
y
be
du
e
to
co
rr
es
po
nd
in
gl
y
hi
gh
li
pi
d
le
ve
ls
in
th
es
e
sa
mp
le
s.
Wa
ll
ey
e
fr
om
th
e
Fr
en
ch
Ri
ve
r
ha
d
th
e
lo
we
st
me
an
li
pi
d
le
ve
l
an
d
si
mi
la
rl
y
th
e
lo
we
st
le
ve
ls
of
th
es
e
th
re
e
or
ga
ni
c
co
nt
am
—
in
an
ts
.
Mi
re
x
wa
s
no
t f
ou
nd
in
an
y
sa
mp
le
s
at
a
de
te
ct
io
n
li
mi
t
of
0.
1
ug
/g
.
Ex
am
in
at
io
n
of
th
e
da
ta
in
di
ca
te
d
th
at
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
an
d
li
p-
id
le
ve
ls
in
cr
ea
se
d
wi
th
fi
sh
ag
e.
Ag
e
wa
s
a
mo
re
in
fl
ue
nt
ia
l
fa
ct
or
in
co
n—
ta
mi
na
nt
ac
cu
mu
la
ti
on
fo
r
wa
ll
ey
e
wh
il
e
li
pi
d
co
nc
en
tr
at
io
ns
re
gu
la
te
d
sa
lm
on
-
id contaminant uptake.
Co
nt
am
in
an
t
bu
rd
en
s
in
fo
ra
ge
fi
sh
sp
ec
ie
s
su
ch
as
ra
in
bo
w
sm
el
t
an
d
sl
im
y
sc
ul
pi
ns
pr
ov
id
e
an
in
di
ca
ti
on
of
th
e
po
te
nt
ia
l
fo
r
fo
od
ch
ai
n
ac
cu
mu
la
ti
on
of
co
nt
am
in
an
ts
.
A
li
mi
te
d
nu
mb
er
of
sl
im
y
sc
ul
pi
ns
we
re
co
ll
ec
te
d
ne
ar
Bu
rn
t
Is
la
nd
an
d
of
f
th
e
mo
ut
h
of
th
e
Fr
en
ch
Ri
ve
r.
PC
B,
di
el
dr
in
,
p,
p'
—D
DE
an
d
XD
DT
we
re
al
l
ne
ar
th
e
de
te
ct
io
n
li
mi
t
(T
ab
le
22
).
Ta
bl
e
23
pr
ov
id
es
a
su
mm
ar
y
of
th
e
ma
jo
r
tr
ac
e
me
ta
ls
an
d
or
ga
no
ch
lo
ri
ne
re
si
du
es
de
te
ct
ed
in
co
m-
po
si
te
sa
mp
le
s
of
ra
in
bo
w
sm
el
t
co
ll
ec
te
d
at
fo
ur
si
te
s
in
La
ke
Hu
ro
n
an
d
Ge
or
gi
an
Ba
y.
Gr
ea
te
r
co
nc
en
tr
at
io
ns
of
PC
Bs
we
re
de
te
ct
ed
in
sm
el
t
fr
om
ma
in
la
ke
st
at
io
ns
th
an
fr
om
Ge
or
gi
an
Ba
y
st
at
io
ns
,
pr
ob
ab
ly
du
e
to
hi
gh
er
li
pi
d
le
ve
ls
in
th
e
ma
in
la
ke
sm
el
t.
Ni
ck
el
le
ve
ls
in
Fr
en
ch
Ri
ve
r
sa
mp
le
s
an
d
co
n—
ce
nt
ra
ti
on
s
of
co
pp
er
in
sm
el
t
fr
om
Ca
pe
Ri
ch
we
re
gr
ea
te
r
th
an
le
ve
ls
me
as
ur
—
ed
at
th
e
re
ma
in
in
g
si
te
s
fo
r
ei
th
er
me
ta
l.
In
or
de
r
to
pr
ov
id
e
da
ta
on
th
e
co
mp
ar
ab
il
it
y
of
ec
os
ys
te
m
an
d
hu
ma
n
he
al
th
co
nt
am
in
an
t
le
ve
ls
,
co
nt
am
in
an
t
ra
ti
os
fo
r
wh
ol
e
fi
sh
ve
rs
us
ed
ib
le
po
rt
io
n
(f
il
le
t)
co
nc
en
tr
at
io
ns
we
re
ca
lc
ul
at
ed
fo
r
me
rc
ur
y,
ar
se
ni
c,
PC
B
an
d
tD
DT
in
se
le
ct
ed
sa
mp
le
s
of
wa
ll
ey
e
an
d
la
ke
tr
ou
t.
Wi
th
th
e
ex
ce
pt
io
n
of
me
rc
ur
y,
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
we
re
gr
ea
te
r
in
th
e
wh
ol
e
fi
sh
sa
mp
le
of
bo
th
sp
ec
ie
s
co
mp
ar
ed
to
fi
ll
et
le
ve
ls
.
A
su
mm
ar
y
of
th
es
e
ra
ti
os
is
pr
e-
sented in Table 24.
Un
we
ig
ht
ed
la
ke
wi
de
me
an
da
ta
on
wh
ol
e
fi
sh
co
nt
am
in
an
t
bu
rd
en
s
is
pr
e—
sen
ted
in
Tab
le
25
for
com
par
ati
ve
pur
pos
es.
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ne
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sh
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Ge
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m—
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en
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en
t
wh
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h
su
pp
or
ts
a
ve
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di
ve
rs
e
be
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hi
c
fa
un
a.
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l9
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,
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 TABLE 21
TRAC
E ME
TAL
AND
ORGA
NIC
CONT
AMIN
ANT
CONC
ENTR
ATIO
NS I
N TO
P PR
EDAT
OR
FISH SPECIES (whoTe fish) FROM THE OPEN WATERS OF
LAKE HURON AND GEORGIAN BAY*, 1980—81
1981 1980 1980 1980
PT. EDWARD CAPE RICH BURNT ISLAND FRENCH RIVER
(Lake Trout) (Sp1ake) (Lake Trout) (Na11eye)
N 48 50 47 50
% L
ipi
d
18.
00
(0.
49)
10.
35
(0.
58)
10.
33
(0.
63)
8.5
5 (
0.4
0)
p,p
'—D
DE
0.6
0 (
0.0
3)
0.2
2
(0.
01)
0.3
4 (
0.0
3)
0.1
2 (
0.0
3)
ZDD
T
1.0
6 (
0.0
5)
0.2
5 (
0.0
1)
0.4
9 (
0.0
4)
0.1
7 (
0.0
3)
PCB
2.3
5 (
0.1
4)
0.4
2 (
0.0
3)
0.9
2
(0.
08)
0.2
3 (
0.0
5)
Hg
—
0.1
8 (
0.0
1)
0.1
4 (
0.0
1)
0.2
0 (
0.0
2)
Cu
—
0.8
5 (
0.0
4)
0.9
9 (
0.0
4)
0.4
5 (
0.0
1)
Ni
—
0.0
6 (
0.0
2)
—
0.1
3 (
0.0
1)
Zn
-
11.
61
(0.
29)
12.
05
(0.
23)
12.
52
(0.
40)
Cd
-
0.0
2
0.0
2 (
0.0
0)
0.0
2 (
0.0
0)
Cr
—
—
0.1
2 (
0.0
1)
0.1
9 (
0.0
1)
As
—
0.1
8 (
0.0
1)
0.2
7 (
0.0
2)
0.2
5 (
0.0
1)
Se
—
0.7
5 (
0.01
)
0.81
(0.
01)
0.7
4 (
0.0
2)
*A1
1
res
u1t
s r
epo
rte
d a
s "
9/9
wet
wei
ght
(i
t S
.E.
) u
n1e
ss
oth
erw
ise
not
ed.
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 TABLE 22
MEA
N
LEV
ELS
OF
ORG
ANI
C C
ONT
AMI
NAN
TS
IN
SCU
LPI
NS
FRO
M T
WO
SIT
ES
ON
LAK
E H
URO
N A
ND
GEO
RGI
AN
BAY
IN
198
0(;
t S
.E.
)
 
BURNT ISLAND FRENCH RIVER
N(1)
4
3
Tot
a]
Len
gth
(cm)
2.6
0 (
0.20
)
2.8
7 (
0.09
)
Wei
ght
(g)
0.1
8 (
0.03
)
0.2
7 (
0.03
)
% L
ipi
d
4.4
7 (
0.4
0)
4.3
7 (
2.0
6)
p,p
'—D
OE
0.0
5 (
0.00
)
0.0
6 (
0.04
)
200
7
0.0
6 (
0.00
)
0.0
7 (
0.0
4)
Die
Idr
in
0.0
2 (
0.0
0)
0.0
2 (
0.0
0)
PCB
0.7
6 (
0.0
0)
0.2
0 (
0.0
0)
 
A11
res
ult
s e
xpr
ess
ed
as
pg/
g w
et
wei
ght
unl
ess
oth
erw
ise
not
ed.
1Each samples consists of a composite of fish.
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 TABLE 23
TRACE METAL AND ORGANIC CONTAMINANT LEVEL IN RAINBOW SMELT (whole fish)
FROM THE OPEN WATERS OF LAKE HURON AND GEORGIAN BAY*
GODERICH CAPE RICH BURNT ISLAND FRENCH RIVER
N** 11 12 12 12
Tota] Length
(cm) 17.08 (0.64) 15.33 (0.77) 15.34 (0.51) 15.59 (0.28)
% Lipid 4.46 (0.35) 3.07 (0.17) 4.31 (0.26) 2.99 (0.77)
p,p'—DDE 0.07 (0.01) 0.05 (0.01) 0.07 (0.02) 0.04 (0.00)
EDDT
0.11
(0.02
)
I 0.0
6 (0.
01)
0.07
(0.02
)
0.07
(0.01
)
PCB 0.27 (0.07) <0.10 0.76 (0.03) <0.70
Hg
-
0.09
(0.02
)
0.05
(0.07
)
0.06
(0.00
)
Ni
—
0.05
(0.01
)
<0.03
0.71
(0.02
)
Cu - 0.97 (0.09) 0.62 (0.06) 0.44 (0.02)
As — 0.22 (0.01) 0.35 (0.02) 0.23 (0.01)
Se - 0.70 (0.02) 0.60 (0.07) 0.77 (0.02)
*Ai] resuits reported as ug/g (; t 5.
**Each sample consists of a composite
E.) unless otherwise noted.
of five fish.
 RELATIVE WHOLE FISH:
 
    
TABLE 24
FI
LL
ET
CO
NT
AM
IN
AN
T
CO
NC
EN
TR
AT
IO
NS
FO
R
LAKE TROUT AND WALLEYE IN 1980
(P
er
ce
nt
wh
o1
e
fi
sh
co
nc
en
tr
at
io
n
in
f1
11
et
)
N
As
Hg
PC
B
DD
T
La
ke
Tr
ou
t
24
64
.7
14
4.
1
49
.9
43
.7
Na
1T
ey
e
16
23
.4
*
16
8.
3
20
.3
12
.3
*N = 13
TABLE 25
COM
PAR
ATI
VE
LAK
E H
URO
N W
HOL
E F
ISH
CON
TAM
INA
NT
DAT
A I
N 1
980
(Unweighted Lakewide Mean — ug/g)
N
% L
IPI
D
PCB
ZDD
T
DIE
LDR
IN
Hg
REF
ERE
NCE
S
Scu
1pi
ns
50
6.2
0.6
7
0.6
6
0.1
2
0.0
8
(11
)
B1o
ate
r c
hub
s
50
18.
6
1.5
8
2.8
5
0.2
8
0.1
0
(11
)
Sme
1t
3
-
—
0.7
5
0.0
4
—
(12
)
Lak
e W
hit
efi
sh
1
10.
0
0.51
0.2
2
0.0
0
—
(13)
N Cd As Se Hg
Lak
e T
rou
t
5
-
0.01
0.51
0.71
0.2
3
(14)
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zone
(exc
ept
for
the
Unit
ed S
tate
s ne
arsh
ore)
was
samp
led
inte
nsiv
ely
at
depths of 5, 10 and 20 metres along several transects. Mean total standing
stocks of invertebrates ranged from 456 to 45,700 individuals per m’. The
fauna of this zone was fairly homogeneous throughout. The most abundant
elements of the benthic fauna of this zone were Nematoda, Oligochaeta,
Hollusca and Chironomidae. There was no indication of increased eutrophica-
tion or unusual environmental stress within this zone (Barton, l983).
In Georgian Bay, Owen Sound was sampled using three transects. The zone
of enrichment from the plume of the Sydenham River does not appear to have
spread further in the Sound. In fact, none of the stations sampled in l980
showed evidence of significant organic enrichment or environmental degrada-
tion. Pollution tolerant organisms never dominated the fauna in any part of
the study area.
Based on a limnological survey performed in 1980, Thunder Bay was class—
ified oligotrophic with the exception of Alpena Harbor which is a relatively
small area near the mouth of the Thunder Bay River. A review of historical
data showed that, in general, the water quality of Thunder Bay had remained
stable over time and that the water quality of Alpena Harbor had improved
slightly. However, Alpena Harbor sediments still exhibited organic enrichment
and the associated benthic macroinvertebrate community was composed of 85%
oligochaetes (Horvath, gt al., 1981).
Zooplankton
Zooplankton sampling was conducted on four of the six main Lake Huron
cruises (April - July). Zooplankton standing stocks were characteristic of
those of the more oligotrophic or mesa—oligotrophic regions of the Great
Lakes. Crustacean standing stocks were low, ranging from a May cruisemean of
14,000 to a July high of 75,600 individuals per m3. Species considered
indicators of eutrophic waters were rare or not detected (Patalas, l972).
Rotifer standing stocks also were indicative of oligotrophic or meso-
oligotrophic conditions with abundances ranging from 4,500 in June to 15,000
individuals per m3 in July. Again, species considered indicators of
eutrophic waters were rare or not detected.
The most productive area of main Lake Huron was the southern, nearshore
region, particularly Goderich-Bayfield and Harbor Beach-Lexington areas.
Standing stocks in these areas were high for all cruises, apparently due to
the stimulation of primary productivity from nutrient runoff. In July, high
phytoplankton and zooplankton standing crops occurred in the St. Marys River -
North Channel area. In general, zooplankton standing crops were greater in
nearshore waters than offshore.
Zooplankton standing stocks (dry weight) were dominated by crustaceans,
especially copepods. These zooplankton may be better adapted to the lower
productivity that is characteristic of most of oligotrophic Lake Huron than
the more opportunistic rotifers.
Grazing pressure apparently was low in the spring, but relatively intense
by July. As a consequence of grazing, chlorophyll a concentrations were low.
-57..
  
Var
iat
ion
s i
n z
oop
lan
kto
n s
tan
din
g s
toc
ks
and
spe
cie
s c
omp
osi
tio
n w
ere
rela
ted
eith
er d
irec
tly
or i
ndir
ectl
y to
fact
ors
affe
ctin
g al
gal
prod
uc—
tiv
ity
.
Con
duc
tiv
ity
, p
H,
and
alk
ali
nit
y h
ad
lit
tle
eff
ect
.
Ins
hor
e -
off
—
shor
e di
ffer
ence
s in
zoop
lank
ton
comm
unit
y st
ruct
ure
were
obse
rved
.
Furt
her—
more
, t
ribu
tary
inpu
ts a
ffec
ted
qual
itat
ive
and
quan
tita
tive
diff
eren
ces
in
the zooplankton community (Evans, 1983).
CONTAMINANTS
Trac
e me
tal
and
orga
nic
cont
amin
ant
anal
ysis
was
cond
ucte
d on
samp
les
of
net
plan
kton
, z
oopl
ankt
on (
Mysi
s r
elic
ta)
and
Pont
opor
eia
affi
nis,
a be
nthi
c
inve
rteb
rate
, t
o in
dica
te c
onta
mina
nt a
ccum
ulat
ion
at t
he b
ase
of t
he f
ood
chai
n (W
hitt
le,
1983
).
Tabl
es
26,
27 a
nd 2
8 pr
ovid
e su
mmar
ies
of t
hese
data
.
Orga
nic
cont
amin
ant
resi
dues
were
not
dete
cted
in n
et p
lank
ton
whil
e le
vels
were
near
dete
ctio
n li
mits
in M
ysis
.
Over
all
trac
e me
tal
leve
ls
in M
ysis
were
lowe
st a
t th
e Fr
ench
Rive
r si
te,
high
est
at C
ape
Rich
in s
outh
ern
Geor
gian
Bay
and
inte
rmed
iate
at t
he t
hree
main
lake
stat
ions
. N
o si
gnif
ican
t di
ffer
ence
s
in concentrations in organic contaminants were found for the samples of
Pontoporeia from these three sites.
A significant food chain biomagnification was demonstrated for organic
cont
amin
ants
such
as P
CB a
nd D
DT.
Trac
e me
tal
leve
ls d
id n
ot s
how
sign
ific
ant
food
chai
n ac
cumu
lati
on.
Biom
agni
fica
tion
fact
ors
for
the
salm
onid
food
chai
n
rang
ed f
rom
a ma
ximu
m of
10 f
or P
CB t
o in
crea
ses
of o
nly
twof
old
for
meta
ls
such as arsenic and selenium (Borgmann and Whittle, 1983).
Generally, contaminant burdens in the range of Lake Huron biota surveyed
may be ranked between the higher levels found in biota of Lakes Erie and
Onta
rio
and
the
rela
tive
ly
low
leve
l of
cont
amin
atio
n in
Lake
Supe
rior
.
Phytoplankton
Phytoplankton Indicators
Three indicators of phytoplankton biomass were included as part of the
1980
Lake
Huro
n su
rvei
llan
ce p
rogr
am:
chlo
roph
yll
a, p
arti
cula
te o
rgan
ic c
ar—
bon
(POC
) an
d to
tal
part
icul
ate
nitr
ogen
(TPN
).
Chlo
roph
yll
a (u
ncor
rect
ed)
meas
ures
both
phyt
opla
nkto
n an
d de
trit
al
chlo
roph
yll
a.
Corr
ecti
ng f
or p
haeo
—
pigment removes much of this detrital component, thereby providing an estimate
of phytoplankton standing crop. Interpretation of corrected chlorophyll a
concentrations are complicated by fluctuations in cellular content due to dif—
ferent species composition and different growth rates as well as nutritional
state and seasonal differences in cellular chlorophyll content within a
species (Dolan, gt al., 1978; Lin and Schelske, 1981; Hunter and Laus, 1981).
POC'and TPN both provide estimates of total seston, including phytoplankton,
zooplankton, bacteria and detritus. Consequently, high percentages of non-
living material can be included in their measurements. Evaluating phytoe
plankton biomass, therefore, becomes a question of assessing the interrela—
tionships of these parameters.
The seasonal cycles of chlorophyll a, POC and TPN in the North Channel and
most nearshore areas of Lake Huron and Georgian Bay were bimodal, with maxima
occurring in spring and fall. The open lake areas of Lake Huron and Georgian
- 53 _
 
 TABLE 26
ME
AN
LE
VE
LS
OF
MA
JO
R
OR
GA
NI
C
CO
NT
AM
IN
AN
TS
IN
SA
MP
LE
S
OF
PO
NT
OP
OR
EI
A
AN
D
MY
SI
S
FR
OM
LA
KE
HU
RO
N
AN
D
GE
OR
GI
AN
BAY
,
19
80
(x
t
5.
0.
)
Pontogoreia Sp.
N
%
LIP
ID
p.p
'-D
DE
DDT
DIE
LDR
IN
PCB
Go
de
ri
ch
5
60
.9
(1
.4
5)
0.
16
(0
.0
5)
0.
24
(0
.0
5)
0.2
1
(0
.0
5)
0.
22
(0
.0
5)
So
ut
h
Ba
ym
ou
th
5
43.
1
(0
.3
8)
0.
09
(0
.0
2)
0.
16
(0
.0
3)
0.
12
(0
.0
5)
0.
32
(0
.1
1)
Bu
rn
t
Is
1a
nd
5
45
.7
(2
.1
2)
0.
06
(0
.0
3)
0.
06
(0
.0
4)
0.
10
(0
.1
4)
0.
18
(0
.1
4)
Mysis re1icta
Go
de
ri
ch
5
4.
55
(0
.2
3)
0.
02
(0
.0
1)
0.
03
(0
.0
1)
0.0
1
(0
.0
0)
0.
09
(0.
02)
A
So
ut
h
Ba
ym
ou
th
5.
47
(0
.2
9)
0.
02
(0
.0
0)
0.
03
(0
.0
0)
0.0
1
(0
.0
0)
0.
08
(0.
00)
Bu
rn
t
Is
1a
nd
5
13
.8
0
(0
.4
2)
0.
05
(0
.0
1)
0.
06
(0
.0
2)
0.
03
(0
.0
1)
0.
15
(0.
18)
Ca
pe
Ri
ch
5
4.
36
(0
.4
3)
0.
02
(0
.0
1)
0.
02
(0
.0
1)
0.0
1
(0
.0
0)
0.
08
(0.
00)
Fr
en
ch
Ri
ve
r
5
8.
75
(0
.1
1)
0.
03
(0
.0
1)
0.
03
(0
.0
1)
0.0
1
(0.
00)
0.
08
(0
.0
0)
— A
11
res
u1t
s
exp
res
sed
as
ug/
g
dry
wei
ght
unl
ess
oth
erw
ise
not
ed.
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TABLE 27
TR
AC
E
ME
TA
L
LE
VE
LS
IN
SA
MP
LE
S
0F
YS
IS
RE
LI
CT
A
FR
OM
LA
KE
HU
RO
N
AND GEORGIAN BAY, 1980 (x . .)
SO
UT
H
BU
RN
T
CA
PE
FR
EN
CH
GO
DE
RI
CH
BA
YM
OU
TH
IS
LA
ND
RI
CH
RI
VE
R
Hg
<0
.0
3
<0
.0
3
<.
03
<0
03
<o
.0
3
Cu
7.9
7
(0.
54)
9.1
2
(1.
55)
5.5
8
(3.
92)
9.7
5
(4.
02)
1.8
4
(0.
57)
N7
1.
05
(0
.1
1)
2.
04
(0
.1
8)
8.
05
(1.
85)
4.2
1
(0
.9
9)
—
Zn
83.
52
(5.
78)
85.
37
(0.
75)
73.
92
(5.
15)
85.
40
(8.
14)
51.
32
(0.
57)
Pb
0.4
1
(0
.2
0)
0.5
1
(0
.4
0)
1.
33
(0
11)
0.
98
(0
.3
4)
—
Cd
0.1
1
(0.
05)
2.2
4
(2.
01)
0.3
4
(0
05)
0.1
4
(0.
05)
0.0
8
(0.
01)
Cr
2.2
4
(0.
29)
1.7
0
(0.
21)
3.2
0
(0.
01)
5.2
3
(0.
75)
—
As
2.5
0
(0.
10)
2.9
7
(0.
12)
3.4
2
(0.
18)
5.5
5
(2.
02)
2.0
2
(0
10)
Se
3.8
2
(0
05)
3.5
3
(0
05)
3.2
4
(0.
09)
3.8
8
(0.
08)
4.7
0
(o
08)
- A11 resuTts expressed as pg/g dry weight.
TABLE 28
TRA
CE
MET
AL
LEV
ELS
IN
SAM
PLE
S O
F N
ET
PLA
NKT
ON
(<1
53
0)
FRO
M L
AKE
HUR
ON
AND GEORGIAN BAY, 1980 (R-t S.D.)
SOU
TH
BUR
NT
CAP
E
FRE
NCH
GOD
ERI
CH
BAY
MOU
TH
ISL
AND
RIC
H
RIV
ER
Hg
<0.
03
<0.
03
<0.
03
<0.
03
<0.
03
Cu
38.
51
(24
.81
)
14.
63
( 3
.23
)
13.
41
(2.
51)
10.
74
(3.
03)
89.
25
(4.
51)
Zn
161
.37
(21
.58
)
297
.88
(13
.04
)
115
.63
(4.
25)
129
.93
(4.
10)
194
.8
(6.
22)
Cd
2.0
4 (
0.5
2)
1.4
3 (
0.2
5)
2.2
2 (
2.1
6)
3.3
0 (
0.8
0)
2.4
8 (
0.0
4)
As
1.7
5 (
0.0
7)
2.6
4 (
0.0
9)
2.2
3 (
0.2
1)
1.3
0 (
0.1
4)
1.9
5 (
0.0
7)
Se
1.7
0 (
0.0
0)
0.8
0 (
0.0
3)
1.4
3
(0.
06)
2.1
0 (
0.0
0)
1.6
0 (
0.0
0)
- A
11
re
su
1t
s
ex
pr
es
se
d
as
pg
/g
dr
y
we
ig
ht
.
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Bay
,
ho
we
ve
r,
ex
hi
bi
te
d
a
un
im
od
al
di
st
ri
bu
ti
on
wi
th
a
ma
xi
mu
m
in
la
te
sp
ri
ng
or summer.
The
tim
ing
and
mag
nit
ude
of
the
max
ima
and
min
ima
of
the
phy
top
lan
kto
n
in
di
ca
to
rs
ma
y
be
at
tr
ib
ut
ed
to
a
co
mb
in
at
io
n
of
fa
ct
or
s
in
cl
ud
in
g
li
gh
t,
te
m—
per
atu
re,
nut
rie
nt
ava
ila
bil
ity
,
and
phy
sic
al
reg
ime
(e.
g.
tur
bul
enc
e)
(Ha
ppe
y,
197
0b;
Til
zer
and
Gol
dma
n,
197
8).
Spr
ing
blo
oms
of
dia
tom
s,
suc
h
as
th
at
fo
un
d
in
La
ke
Hu
ro
n
(L
in
an
d
Sc
he
ls
ke
,
19
81
;
Mu
na
wa
r
an
d
Mu
na
wa
r
19
79
,
19
82
),
ar
e
co
mm
on
in
ol
ig
ot
ro
ph
ic
,
di
mi
ct
ic
la
ke
s
an
d
us
ua
ll
y
oc
cu
r
im
me
di
at
e-
ly
upo
n
ces
sat
ion
of
spr
ing
tur
nov
er
whe
n
nut
rie
nt
ava
ila
bil
ity
is
hig
h
and
ve
rt
ic
al
mi
xi
ng
is
re
du
ce
d
(H
ap
pe
y,
19
70
b;
Ne
tz
el
,
19
75
).
Due
to
ch
an
ge
s
in
the
rat
e
of
sea
son
al
dev
elo
pme
nt,
a p
ron
oun
ced
nea
rsh
ore
—of
fsh
ore
and
nor
th—
so
ut
h
gr
ad
ie
nt
wa
s
ob
se
rv
ed
in
bo
th
Ge
or
gi
an
Ba
y
and
,
in
pa
rt
ic
ul
ar
,
La
ke
Hu
ro
n
du
ri
ng
th
e
fi
rs
t
th
re
e
cr
ui
se
s.
So
ut
he
rn
La
ke
Hu
ro
n
ha
d
th
e
la
rg
es
t
ma
xi
ma
du
e
to
th
e
re
la
ti
ve
ly
sh
al
lo
w,
wa
rm
wa
te
rs
an
d
pr
ox
im
it
y
to
co
nt
in
ua
l
nu
tr
ie
nt
in
pu
ts
.
Th
os
e
ar
ea
s
fu
rt
he
r
of
fs
ho
re
an
d
fu
rt
he
r
no
rt
h
we
re
de
la
ye
d
in
th
e
de
ve
lo
pm
en
t
of
th
ei
r
sp
ri
ng
ma
xi
ma
an
d
co
ns
eq
ue
nt
ly
ex
hi
bi
te
d
les
s
fl
uc
tu
at
io
n
in
th
ei
r
se
as
on
al
cy
cl
es
.
POC
di
st
ri
bu
ti
on
in
th
e
ne
ar
sh
or
e
ar
ea
s
ap
pa
re
nt
ly
wa
s
af
fe
ct
ed
by
ri
ve
r
ru
no
ff
an
d
lo
ca
ll
y
hi
gh
co
nc
en
tr
at
io
ns
of
ph
yt
op
la
nk
to
n.
POC
le
ve
ls
we
re
co
n—
si
st
en
tl
y
hi
gh
in
th
e
fo
ll
ow
in
g
ne
ar
sh
or
e
ar
ea
s:
th
e
On
ta
ri
o
sh
or
e
of
so
ut
h—
er
n
La
ke
Hu
ro
n,
th
e
so
ut
he
rn
ed
ge
of
ou
te
r
Sa
gi
na
w
Bay
,
ea
st
er
n
Ge
or
gi
an
Bay
,
an
d
th
e
so
ut
he
rn
sh
or
e
of
th
e
St
ra
it
s
of
Ma
ck
in
ac
.
Th
e
ar
ea
l
ex
te
nt
of
th
es
e
el
ev
at
ed
POC
re
gi
on
s
su
gg
es
te
d
th
at
ri
ve
r
ru
no
ff
al
on
e
wa
s
un
li
ke
ly
to
pr
od
uc
e
th
e
el
ev
at
ed
co
nc
en
tr
at
io
ns
.
Ra
th
er
,
th
e
hi
gh
nu
tr
ie
nt
lo
ad
s
fr
om
ri
ve
r
ru
n-
off
pr
ob
ab
ly
we
re
st
im
ul
at
in
g
al
ga
l
pr
od
uc
ti
vi
ty
an
d
in
cr
ea
si
ng
POC
le
ve
ls
.
Da
vi
s,
gt
g1.
(1
98
0)
fo
un
d
th
is
me
ch
an
is
m
to
op
er
at
e
al
on
g
th
e
On
ta
ri
o
sh
or
e
of
so
ut
he
rn
La
ke
Hu
ro
n
in
19
74
.
M0
11
,
gt
g1.
(1
98
0)
fo
un
d
a
si
mi
la
r
se
ri
es
of
events in outer Saginaw Bay in 1975.
Dur
ing
the
stu
dy
per
iod
,
chl
oro
phy
ll
g
lev
els
in
Geo
rgi
an
Bay
(1.
23
ug/
L)
we
re
les
s
th
an
th
os
e
of
La
ke
Hu
ro
n
(1
.6
5
pg
/L
)
an
d
th
e
No
rt
h
Ch
an
ne
l
(1.
72
pg/
L)
on
a w
hol
e
lak
e
bas
is.
In
gen
era
l,
con
cen
tra
tio
ns
wer
e
low
thr
oug
hou
t
the
ent
ire
sys
tem
.
Sev
era
l
hig
h
sta
tio
n
val
ues
wer
e
obs
erv
ed
in
th
e
so
ut
he
rn
,
ne
ar
sh
or
e
ar
ea
s
of
La
ke
Hu
ro
n
(e.
g.
10
.0
pg
/L
at
st
at
io
n
7)
an
d
wo
ul
d
ap
pe
ar
to
be
re
la
te
d
to
tr
ib
ut
ar
y
in
pu
ts
.
Th
es
e
re
su
lt
s
we
re
co
m—
pa
ra
bl
e
to
th
os
e
re
po
rt
ed
by
Gl
oo
sc
he
nk
o,
gt
g1.
(1
97
3)
,
in
di
ca
ti
ng
th
at
li
tt
le
ch
an
ge
in
av
er
ag
e
ch
lo
ro
ph
yl
l
co
nc
en
tr
at
io
n
oc
cu
rr
ed
si
nc
e
19
71
.
Th
e
re
la
ti
ve
ly
lo
w
an
d i
nv
ar
ia
nt
su
rf
ac
e
ch
lo
ro
ph
yl
l
co
nc
en
tr
at
io
ns
fo
un
d
in
La
ke
Huron are indicative of an oligotrophic lake.
Th
e
ar
ea
l
di
st
ri
bu
ti
on
of
ch
lo
ro
ph
yl
l
is
of
te
n
us
ed
as
an
in
di
ca
ti
on
of
ar
ea
s
of
hi
gh
al
ga
l
gr
ow
th
du
e
to
nu
tr
ie
nt
lo
ad
in
g
(H
ol
la
nd
an
d
Be
et
on
,
19
72
;
Ro
be
rt
so
n,
gt
gl
.,
19
71
).
Co
ns
id
er
ed
in
th
is
fa
sh
io
n,
th
e
sp
ri
ng
ch
lo
ro
ph
yl
l
dis
tri
but
ion
s
sho
wn
in
Fig
ure
19
aga
in
ref
lec
t
the
oli
got
rop
hic
cha
rac
ter
of
La
ke
Hu
ro
n.
Du
ri
ng
th
is
cr
ui
se
el
ev
at
ed
ch
lo
ro
ph
yl
l
co
nc
en
tr
at
io
ns
we
re
ob
se
rv
ed
al
on
g
th
e
On
ta
ri
o
sh
or
e
of
so
ut
he
rn
La
ke
Hu
ro
n.
Ot
he
r
ne
ar
sh
or
e
ar
ea
s
wh
ic
h
ex
hi
bi
te
d
el
ev
at
ed
ch
lo
ro
ph
yl
l
le
ve
ls
we
re
:
so
ut
he
rn
Sa
gi
na
w
Ba
y
al
on
g
Mi
ch
ig
an
's
"t
hu
mb
",
ex
tr
em
e
so
ut
he
rn
La
ke
Hu
ro
n,
ea
st
er
n
Ge
or
gi
an
Bay
,
and
the
Str
ait
s
of
Mac
kin
ac.
But
,
wit
h
few
exc
ept
ion
s,
chl
oro
phy
ll
con
cen
tra
tio
ns
in
the
nea
rsh
ore
reg
ion
s
men
tio
ned
abo
ve
rar
ely
exc
eed
ed
lakewide means by more than 3.0 ug/L.
_7]_
 
   
80—22—201
CHLR CORR. ULG/L]
DEPTH — 1.0 METRES
80/04/13 T0 80/04/23
 
FIG
URE
19a
SPR
ING
CHL
ORO
PHY
LL
DIS
TRI
BUT
ION
IN
LAK
E H
URO
N
 
-72-
  
*%8£ ﬂ
80-224501
CHLR CORR. mus/L]
DEPTH — '20.m METRES
80/04/24 TO 80/04/27
    
   
$4: -\
GEDRGIHN BRY
 
19b SPRING CHLOROPHYLL DISTRIBUTION IN GEORGIAN BAY
-73..
  
 One
nea
rsh
ore
are
a
of
Lak
e
Hur
on
tha
t
des
erv
ed
par
tic
ula
r a
tte
nti
on
was
th
e
ti
p
of
Mi
ch
ig
an
's
"t
hu
mb
".
In
19
74
an
d
19
75
,
th
is
re
gi
on
wa
s
ch
ar
ac
te
ri
z—
ed
by
ver
y
hig
hch
lor
oph
yll
lev
els
as
a c
ons
equ
enc
e
of
eut
rop
hic
ati
on
in
Sag
ina
w
Bay
(Mo
ll,
gt
gl.
,
198
0).
Sin
ce
tha
t
stu
dy,
rem
edi
al
mea
sur
es
hav
e
bee
n
use
d
in
an
att
emp
t
to
con
tro
l
Sag
ina
w
Bay
pol
lut
ion
.
The
res
ult
s
sho
wn
in
Fig
ure
19
sho
w
ver
y
lit
tle
inc
rea
se
in
chl
oro
phy
ll
lev
els
in
thi
s
reg
ion
above the adjacent open lake conditions.
Sin
ce
197
1,
Lak
e
Hur
on
has
exh
ibi
ted
an
ove
ral
l
dec
rea
se
of
8.5
%
in
chl
oro
phy
ll
g.
Geo
rgi
an
Bay
has
sho
wn
a d
ecr
eas
e
of
9.5
%
ove
ral
l,
sin
ce
197
4.
Phytoplankton Abundance and Composition
In
the
ope
n
wat
ers
of
sou
the
rn
Lak
e
Hur
on,
the
red
uct
ion
of
nut
rie
nt
loa
d—
ing
to
Sag
ina
w
Bay
is
evi
den
t
in
bot
h t
he
abu
nda
nce
and
com
pos
iti
on
of
phy
to—
pla
nkt
on.
Nui
san
ce
alg
ae
hav
e
bee
n
eli
min
ate
d o
r
red
uce
d
to
les
s
tha
n 0
.1%
of
the
pop
ula
tio
n.
The
se
inc
lud
e A
nab
aen
a f
los
-aq
uae
,
A.
sub
cyl
ind
ric
a,
Aph
oni
zom
eno
n f
los
—aq
uae
,
Osc
ill
ato
ria
ret
zii
, G
loe
oti
lia
sp.
(gr
een
fil
ame
nt
#5)
,
Mou
geo
tia
sp.
,
Pha
cot
us
len
tic
ula
ris
,
and
Act
ino
cyc
lus
nor
man
ii
var
.
sub
sal
sa.
Eur
yto
pic
pop
u1a
tio
ns
ind
ica
tiv
e o
f S
agi
naw
Bay
wat
ers
are
sti
ll
pre
sen
t
but
red
uce
d
in
abu
nda
nce
and
ran
ge
of
occ
urr
enc
e
(Fi
gur
e
20)
(Stoermer, gt gl., 1982).
Bas
ed
on
mul
tiv
ari
ate
ana
lys
is
of
the
198
0 r
esu
lts
, S
toe
rme
r g
t g
1.
(19
82)
par
tit
ion
ed
sou
the
rn
Lak
e H
uro
n i
nto
fiv
e r
egi
ons
(Fi
gur
e 2
1).
Thr
ee
of
the
reg
ion
s a
re
nea
rsh
ore
and
are
as
fol
low
s:
1)
a r
egi
on
nor
th
of
Sag
ina
w B
ay
(A)
; 2
) a
reg
ion
les
s e
xte
nsi
ve
in
198
0 t
han
197
4 s
out
h o
f S
agi
naw
Bay
cha
r—
act
eri
zed
by
two
sta
tio
ns
fro
m t
he
reg
ion
hav
ing
a c
lea
r c
onn
ect
ion
wit
h
Sag
ina
w B
ay
flo
ra
(B)
; a
nd,
3)
a r
egi
on
alo
ng
the
Can
adi
an
coa
st
dis
tin
gui
she
d
by
som
e e
ury
top
ic
dom
ina
nt
spe
cie
s (
C).
The
two
off
sho
re
reg
ion
s a
re:
1)
an
eas
ter
n o
ffs
hor
e r
egi
on
cha
rac
ter
ize
d
by
low
abu
nda
nce
oli
got
rop
hic
pop
ula
—
tio
ns
whi
ch
occ
upi
ed
a l
arg
er
reg
ion
of
the
lak
e t
han
in
197
4 (
D),
and
2)
a
nor
thw
est
ern
reg
ion
sim
ila
r t
o t
he
eas
ter
n o
ffs
hor
e r
egi
on
but
hav
ing
an
adm
ixt
ure
of
nor
the
rn
Mic
hig
an
coa
st
nea
rsh
ore
pop
ula
tio
ns
(AD
).
Reg
ion
s D
and
AD
had
muc
h l
ess
pro
nou
nce
d c
han
ges
in
tot
al
phy
top
lan
kto
n
abu
nda
nce
.
In
fac
t,
the
tot
al
cel
l n
umb
ers
in
198
0 w
ere
sim
ila
r t
o o
r s
lig
ht—
ly
gre
ate
r t
han
in
197
4.
Thi
s m
ay
be
som
ewh
at
dec
ept
ive
,
sin
ce
it
dis
gui
ses
a
maj
or
cha
nge
in
the
qua
lit
ati
ve
asp
ect
of
the
flo
ra.
Bet
wee
n 1
974
and
198
0
the
re
was
a m
ajo
r s
hif
t t
owa
rds
mic
rof
lag
ell
ate
s i
n s
out
her
n L
ake
Hur
on,
at
the
exp
ens
e o
f o
the
r g
rou
ps.
Any
qua
lit
ati
ve
int
erp
ret
ati
on
of
thi
s t
ren
d i
s
dif
fic
ult
bec
aus
e t
her
e i
s l
itt
le
rel
iab
le
inf
orm
ati
on
on
the
dis
tri
but
ion
,
eco
log
y,
or
ide
nti
ty
of
the
pop
ula
tio
ns
inv
olv
ed.
The
lac
k o
f m
ode
rn
def
ini
—
tiv
e w
ork
on
the
se
pop
ula
tio
ns
rem
ain
s a
maj
or
pro
ble
m.
The
lac
k o
f s
tab
ili
ty
in
the
phy
top
lan
kto
n f
lor
a o
f t
he
off
sho
re
wat
ers
of
sou
the
rn
Lak
e H
uro
n i
s
som
ewh
at
dis
tur
bin
g b
eca
use
it
is
lik
ely
ind
ica
tiv
e o
f c
ont
inu
ed
cha
nge
in
the
sys
tem
.
The
cau
se
or
cau
ses
of
thi
s c
han
ge
is
a m
att
er
of
spe
cul
ati
on,
but
it
is
lik
ely
tha
t f
act
ors
oth
er
tha
n e
utr
oph
ica
tio
n a
re
inv
olv
ed.
Attached Filamentous Alggg
QJa
dog
hor
a c
an
bec
ome
a n
uis
anc
e a
lga
e.
It
gro
ws
as
lon
g s
tra
nds
att
ach
ed
to
a s
oli
d s
ubs
tra
te.
Dur
ing
sto
rm
eve
nts
it
bre
aks
off
and
was
hes
up
on
-74..
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sho
re
whe
re
it
dec
omp
ose
s,
imp
air
ing
the
qua
lit
y o
f b
eac
hes
use
d f
or
rec
rea
—
ti
on
al
pu
rp
os
es
(A
ue
r,
gt
al
.,
19
82
).
For the most part, the remote shoreline of Lake Huron is devoid of attach—
ed f
ilam
ento
us a
lgae
even
thou
gh p
hysi
cal
requ
irem
ents
for
grow
th a
re f
avou
r—
able
.
This
is b
ecau
se p
hosp
horu
s le
vels
, a
nd/o
r po
ssib
ly h
alid
e l
evel
s in
the
case
of B
angi
a,
are
too
low
to s
uppo
rt b
asin
wide
grow
th.
Inst
ead,
the
alga
e
occu
r lo
call
y in
asso
ciat
ion
with
natu
ral
or a
nthr
opog
enic
nutr
ient
sour
ces,
wher
e th
e le
vel
of e
nric
hmen
t an
d ge
nera
l de
grad
atio
n in
wate
r qu
alit
y is
refl
ecte
d in
the
type
and
amou
nt o
f al
gae
pres
ent.
For
exam
ple,
a fi
rst
sign
of p
hosp
horu
s en
rich
ment
is a
n in
crea
se i
n th
e di
stri
buti
on o
f Ul
othr
ix,
foll
owed
in o
rder
of i
ncre
asin
g pe
rtur
bati
on b
y fr
ingi
ng C
lado
phor
, su
bmer
ged
Clad
opho
ra,
and
fina
lly
prob
lem
grow
ths
of s
ubme
rged
Clad
opho
ra.
This
sequ
enti
al
occu
rren
ce o
f Ul
othr
ix a
nd C
lado
phor
a in
rela
tion
to p
hosp
horu
s
supp
ly h
as a
ppli
cati
on a
s a
mana
geme
nt t
ool
sinc
e ne
arsh
ore
trop
hic
stat
us c
an
be e
valu
ated
rapi
dly
and
at l
ow c
ost
by v
isua
lly
docu
ment
ing
the
pres
ence
/
abse
nce
and
abun
danc
e of
thes
e hi
ghly
cons
picu
ous
form
s.
(Alt
houg
h Ba
ngia
is
not
stri
ctly
limi
ted
by p
hosp
horu
s av
aila
bili
ty
in L
ake
Huro
n,
its
occu
rren
ce
is s
till
a cl
ear
sign
of a
dvan
ced
degr
adat
ion
of w
ater
qual
ity)
. T
he T
hirt
y
Thou
sand
Isla
nds
of e
aste
rn G
eorg
ian
Bay
are
the
grea
test
conc
entr
atio
n of
isla
nds
and
pote
ntia
l h
abit
at f
or a
ttac
hed
fila
ment
ous
alga
e in
the
worl
d.
Prob
lem
grow
ths
of s
ubme
rged
Clad
opho
ra a
nnua
lly
inun
date
mile
s of
phys
ical
ly
sim
ila
r s
hor
eli
ne
in
Lak
es
Ont
ari
o a
nd
Erie
, a
dir
ect
con
seq
uen
ce
of
phos
phor
us e
nric
hmen
t.
Geor
gian
Bay,
ther
efor
e,
shou
ld b
e mo
nito
red
clos
ely
for
any
sign
s of
chan
ge s
ince
even
a mi
nor
incr
ease
in p
hosp
horu
s co
ncen
tra—
tion
may
have
disp
ropo
rtio
nate
ly l
arge
envi
ronm
enta
l c
onse
quen
ces
(i.e
. an
incr
ease
in o
pen
lake
tota
l p
hosp
horu
s co
ncen
trat
ion
of o
nly
I pg
/L m
ay b
e
suff
icie
nt t
o in
itia
te b
asin
wide
grow
th o
f Cl
adop
hora
) (
Jack
son
and
Hamd
y,
1982).
It
is
app
are
nt
tha
t a
tta
che
d f
ila
men
tou
s a
lga
e b
ioa
ccu
mul
ate
(l03
to
l05)
a va
riet
y of
elem
ents
prim
aril
y in
prop
orti
on t
o en
viro
nmen
tal
supp
ly
in w
ater
.
The
inte
rnal
conc
entr
atio
ns a
ttai
ned
show
a si
mila
r pa
tter
n fo
r
Ulot
hrix
as w
ell
as f
or C
lado
phor
a (i
.e.
N, C
a >A
l, F
e, H
g, P
>Mn
>Zn
>Pb,
Cu
>As,
Cr,
Ni
>Co
>Cd,
Se
>Sb
>Hg
).
Dif
fer
enc
es
bet
wee
n a
lga
e,
how
eve
r,
are
app
are
nt
in
the
ir
cap
aci
ty
to
con
cen
tra
te
cer
tai
n e
lem
ent
s.
In
par
tic
ula
r,
and
con
sis
ten
t w
ith
alg
al
dis
tri
but
ion
al
pat
ter
ns,
Ulo
thr
ix
app
ear
s t
o h
ave
a
com
pet
iti
ve
adv
ant
age
ove
r b
oth
for
ms
of
Cla
dop
hor
a a
t s
equ
est
eri
ng
pho
sph
oru
s
in
dil
ute
and
tur
bul
ent
nea
rsh
ore
wat
ers
, w
hil
e f
rin
gin
g C
lad
oph
ora
may
hav
e a
sim
ila
r c
omp
eti
tiv
e a
dva
nta
ge
ove
r s
ubm
erg
ed
Cla
dop
hor
a
(no
com
par
abl
e d
ata
are
ava
ila
ble
for
Ban
gia
, a
lth
oug
h t
he
alg
a's
lim
ite
d d
ist
rib
uti
on
ten
ds
to
ind
ica
te
a r
ela
tiv
ely
hig
h r
equ
ire
men
t f
or
pho
sph
oru
s).
Ele
vat
ed
int
ern
al
con
cen
tra
tio
ns
of
cer
tai
n t
rac
e e
lem
ent
s (
As,
Cd,
Cu,
Ni,
Pb,
Zn)
at
rem
ote
sit
es
in
eas
ter
n G
eor
gia
n B
ay
ind
ica
te
tha
t m
eta
ls
in
'Shi
eld'
run
off
wat
er
are
imp
act
ing
nea
rsh
ore
bio
ta,
at
lea
st
at
the
pri
mar
y t
rop
hic
leve
l.
Nui
san
ce
Cla
dop
hor
a g
row
th
has
occ
urr
ed
at
Por
t S
ani
lac
, H
arb
or
Bea
ch,
Por
t H
ope
, C
heb
oyg
an,
St.
Ign
ace
, e
ast
ern
Geo
rgi
an
Bay,
and
God
eri
ch.
It
has
bee
n r
epo
rte
d a
t P
ort
Hur
on,
Lex
ing
ton
, A
lpe
na,
Sar
nia
, K
ett
le
Poi
nt,
Sto
ney
Poi
nt,
Gra
nd
Ben
d,
Bay
fie
ld,
Poi
nt
Cla
rk,
Kin
car
din
e,
Dou
gla
s P
oin
t,
Sou
th—
amp
ton
, T
obe
rmo
ry,
the
eas
ter
n B
ruc
e P
eni
nsu
la,
Wia
rto
n,
Owe
n S
oun
d,
Lit
tle
Curr
ent,
Mani
toul
in
Isla
nd,
Mary
Hard
Shoa
l in
sout
hern
Geor
gian
Bay,
east
ern
Sag
ina
w B
ay
and
Bli
nd
Riv
er.
The
are
as
of
nui
san
ce
gro
wth
of
Cla
dop
hor
a a
re
usua
lly,
thou
gh n
ot a
lway
s, a
ssoc
iate
d wi
th p
oint
disc
harg
es o
f ph
osph
orus
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SAGINAW RIVER
SYSTEM AND
SAGINAW BAY
COLL INGWOOD HBR.
  
    
MAP REF. NO. AREA OF CONCERN JURISDICTION CATEGORY
18 Saginaw River/Saginaw Bay MI 3
19 Comngwood Harbour ON 4
20 Penetang Bay/Sturgeon Bay ON 2
21 Spanish River Mouth ON 3
38 St. Marys River ON/Ml 4/3
 
PENETANG BAY TO
STU RGEON BAY
   
FIGURE 22 AREAS OF CONCERN IN LAKE HURON
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Powe
r Ca
nal,
tend
to c
onfi
ne t
he c
onta
mina
nts
to t
he O
ntar
io s
hore
line
of t
he
river. The Agreement objectives for phenol in public water supplies is 1
ug/L and this is exceeded at the Sault Ste. Marie, Ontario municipal water
intake.
Transboundary movement of phenol occurs over a relatively small distance
wher
e th
e is
o—co
ncen
trat
ion
cont
our
of 5
ug/L
inte
rsec
ts t
he i
nter
nati
onal
boun
dary
.
The
iso—
conc
entr
atio
n co
ntou
rs o
f l
and
2 ug
/L a
re r
epre
sent
ativ
e
of background levels.
Year—to—year variations of the plume centreline (mainly at stations near
the
Onta
rio
shor
elin
e)
conc
entr
atio
ns m
easu
red
down
stre
am f
rom
Algo
ma S
teel
‘
disc
harg
es a
re s
hown
in F
igur
e 25
. A
t st
atio
n 29
, 30
0m d
owns
trea
m fr
om t
he
1
sour
ce,
ther
e is
a si
gnif
ican
t do
wnwa
rd t
rend
, as
phen
ol
leve
ls d
ecli
ned
from
a me
an o
f 50
ug/L
in 1
973
to a
mean
of 1
5 ug
/L i
n 19
80.
High
leve
ls i
n
1976
refl
ecte
d an
acci
dent
al
spil
l fr
om t
he t
ermi
nal
basi
n wi
th a
n ef
flue
nt
‘
phenol concentration of 3800 pg/L.
Leve
ls
at s
tati
on 1
0, 3
km f
rom
the
sour
ce,
have
been
moni
tore
d si
nce
1948
.
Duri
ng t
hat
time
an a
vera
ge c
once
ntra
tion
of 1
4 ug
/L w
as o
bser
ved.
The
incr
ease
in t
he p
rodu
ctio
n at
Algo
ma S
teel
duri
ng t
he p
erio
d 19
65—6
9 re
-
sult
ed
in a
n av
erag
e le
vel
of 4
6 pg
/L.
Sinc
e th
e in
trod
ucti
on o
f a
phen
ol
reco
very
plan
t an
d a
diff
user
outf
all
for
the
term
inal
basi
n in
the
earl
y
1970
's,
phen
ol
leve
ls d
ecli
ned
and
rema
ined
in t
he r
ange
of 1
0—20
ug/L
.
In
rece
nt y
ears
(197
9—80
) l
evel
s b
elow
10 p
g/L
prev
aile
d du
e to
the
intr
oduc
—
tion and operation of the coke oven by—product plant.
The
abov
e pa
tter
n ob
serv
ed a
t st
atio
n 10
is s
imil
ar t
o th
ose
obse
rved
at
the
outl
et o
f La
ke G
eorg
e Ch
anne
l (
stat
ion
17)
and
at t
he i
nlet
of L
ake
Nico
let
Chan
nel
(sta
tion
12).
Leve
ls a
t st
atio
n 17
were
affe
cted
by d
is—
cha
rge
s f
rom
the
sew
age
tre
atm
ent
pla
nt
whi
ch
has
an
ann
ual
phe
nol
loa
din
g o
f
7 kg/day.
Amm
oni
a —
The
NH3
con
cen
tra
tio
n d
ist
rib
uti
on
alo
ng
the
Can
adi
an
sho
re-
line
is i
llus
trat
ed
in F
igur
e 26
.
Leve
ls d
owns
trea
m fr
om t
he A
lgom
a St
eel
outf
all
duri
ng 1
979—
80 w
ere
in c
ompl
ianc
e wi
th t
he A
gree
ment
obje
ctiv
e (0
.5
mg/
L).
Fur
the
rmo
re,
lev
els
alo
ng
the
Can
adi
an
sho
re
exh
ibi
ted
sig
nif
ica
nt
dec
rea
ses
as
com
par
ed
to
pre
vio
us
yea
rs.
In
198
0,
the
ave
rag
e c
onc
ent
rat
ion
dec
lin
ed
fro
m 0
.4
mg/
L j
ust
dow
nst
rea
m f
rom
the
Alg
oma
Ste
el
out
fal
l t
o 0
.1
mg/L at the inlet of the Lake George Channel. While NH3 accounted for 65%
of
the
tot
al
nit
rog
en
dow
nst
rea
m f
rom
the
Mai
n T
run
k S
ewe
r i
n 1
974
, i
t a
mou
nt—
ed t
o 38
% in
1980
. O
xyge
n l
evel
s in
the
rive
r du
ring
both
1974
and
1980
re—
mai
ned
una
ffe
cte
d b
y t
he
NH3
loa
din
g t
o t
he
riv
er.
Alo
ng
the
U.S.
sho
re,
alt
hou
gh
som
e t
ran
sbo
und
ary
mov
eme
nt
occ
urs
, N
H3
was
com
par
abl
e w
ith
bac
k—
ground levels (0.01 mg/L).
Cya
nid
e —
The
dis
tri
but
ion
of
cya
nid
e l
eve
ls
alo
ng
the
Can
adi
an
sho
re
(Fi
gur
e 2
7)
ind
ica
ted
a p
eak
at
300
m d
own
str
eam
fro
m t
he
Alg
oma
out
fal
l a
nd
low
uni
for
m c
onc
ent
rat
ion
s f
urt
her
dow
nst
rea
m o
f a
bou
t 0
.02
mg/
L.
The
se
lev
els
ref
lec
t a
lar
ge
dec
lin
e f
rom
the
pre
vio
us
yea
rs
(19
74—
79)
due
mai
nly
to
the
dec
rea
se
in
eff
lue
nt
con
cen
tra
tio
ns
(197
4:
8.5
mg/
L;
197
9:
4 m
g/L
; 1
980
:
1.5
mg/L
) d
urin
g th
e sa
me p
erio
d.
Cyan
ide
leve
ls a
long
the
0.5.
shor
e an
d in
Lak
e G
eor
ge
Cha
nne
l w
ere
com
par
abl
e t
o t
he
bac
kgr
oun
d l
eve
ls
(0.0
1 m
g/L
).
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DE D
ISTR
IBUT
ION
AND
YEAR
LY T
REND
S AL
ONG
THE
CANA
DIAN
SHOR
E
  
Iron - Average levels of total iron at 300 m from the Terminal Basins
(0.4
1 mg
/L w
ith
a ma
ximu
m of
1.0
mg/L
) e
xcee
ded
the
Onta
rio
Mini
stry
of t
he
Envi
ronm
ent
(MOE
) o
bjec
tive
(0.3
mg/L
).
Leve
ls
fart
her
down
stre
am r
emai
ned
unif
orm
at 0
.11
mg/L
.
The
upwa
rd
tren
d fo
r ir
on l
evel
s ob
serv
ed d
urin
g th
e
period 1970—74 (Hamdy and Lahaye, 1982) appeared to be stabilized as levels
remained in the range of 0.11-0.15 mg/L during the period 1976—80.
Public Health Indicators — Analyses of fecal coliform (FC) and fecal
stre
ptoc
occi
(F5)
in t
he r
iver
duri
ng t
he s
umme
r of
1980
indi
cate
d th
at s
torm
sewe
rs
of t
he C
ity
of S
ault
Ste.
Mari
e,
Onta
rio,
had
cont
ribu
ted
to e
leva
ted
leve
ls o
f FS
abov
e th
e MO
E ob
ject
ives
(20
coun
ts/1
00 m
L).
The
exte
nt o
f th
e
impa
ct a
long
the
Saul
t St
e.
Mari
e wa
terf
ront
was
abou
t 3
km,
wher
e le
vels
de—
clin
ed f
rom
a pe
ak o
f 50
coun
ts/1
00 m
L to
36 c
ount
s/10
0 mL
.
Feca
l co
lifo
rm
levels were in compliance with the objectives (100 counts/100 mL).
In t
he L
ake
Geor
ge C
hann
el,
down
stre
am f
rom
the
Saul
t St
e. M
arie
Sewa
ge
Trea
tmen
t Pl
ant,
aver
age
leve
ls o
f bo
th f
ecal
coli
form
and
feca
l st
rept
ococ
ci
were
with
in t
he o
bjec
tive
s.
Alon
g th
e U.
S.
shor
e an
d in
Lake
Nico
let
Chan
nel,
leve
ls o
f FC
and
FS w
ere
with
in
the
back
grou
nd
leve
ls (
FC=3
coun
ts/1
00 m
L,
FS=4
coun
ts/1
00 m
L) c
onfi
rmin
g th
e lo
w le
vels
of U
.S.
wast
e in
puts
and
the
conf
inem
ent
of w
aste
disc
harg
es f
rom
the
Cana
dian
shor
e to
the
nort
h si
de o
f
Sugar Island.
Summ
ary
— Im
prov
emen
ts i
n ma
ny o
f th
e pa
rame
ters
of c
once
rn h
ave
been
obse
rved
, b
ut i
n ma
ny c
ases
, o
bjec
tive
s st
ill
were
not
met.
It i
s cl
ear
that
furt
her
reme
dial
acti
on
is r
equi
red.
Tran
sbou
ndar
y po
llut
ion,
alth
ough
de—
creased in recent years, is still evident.
Saginaw Bay
This
larg
e em
baym
ent
(Fig
ure
28)
of L
ake
Huro
n is
an a
rea
of c
once
rn f
or
several reasons. The fishery of the Bay has been adversely affected by
orga
nic
cont
amin
atio
n.
The
wate
r in
the
Bay
is m
oder
atel
y eu
trop
hic.
Reme
dial
prog
rams
to s
low
eutr
ophi
cati
on
of t
his
wate
r bo
dy b
egan
in t
he e
arly
1970
's i
n re
spon
se t
o th
e Gr
eat
Lake
s Wa
ter
Qual
ity
Agre
emen
t of
1972
. T
he
obje
ctiv
e of
the
Sagi
naw
Bay
comp
onen
t of
the
Lake
Huro
n In
tens
ive
Plan
was
prim
aril
y to
docu
ment
chan
ges
in t
he c
ondi
tion
of t
he B
ay b
roug
ht a
bout
by
nut
rie
nt
red
uct
ion
pro
gra
ms
in
the
Sag
ina
w B
asi
n.
Dat
a o
n P
CB
con
tam
ina
tio
n
in fish was also collected.
Tre
nds
in
Eut
rop
hic
Ind
ica
tor
s —
Tre
nds
in
res
pon
ses
of
Sag
ina
w B
ay
to
pho
sph
oru
s l
oad
red
uct
ion
s w
ere
ana
lyz
ed
in
ter
ms
of
TP
and
chl
oro
phy
ll
a c
on—
cent
rati
ons,
and
inve
rse
Secc
hi
dept
h (B
ierm
an,
Dola
n,
Kasp
rzyk
, an
d Cl
ark,
1984
).
Phos
phor
us a
nd c
hlor
ophy
ll a
re t
he m
ost
wide
ly u
sed
indi
cato
rs o
f tr
o—
phic
stat
e in
lake
s.
Inve
rse
Secc
hi d
epth
can
also
be u
sefu
l be
caus
e it
is
dire
ctly
prop
orti
onal
to
ligh
t ex
tinc
tion
in t
he w
ater
colu
mn.
Ligh
t ex
tinc
—
tion
, in
turn
, is
rela
ted
to t
urbi
dity
due
to c
hlor
ophy
ll,
as w
ell
as o
ther
suspended particulate materials.
Ana
lys
is
and
int
erp
ret
ati
on
of
tre
nds
in
wat
er
qua
lit
y d
ata
can
be
con
—
foun
ded
by m
any
diff
eren
t fa
ctor
s.
All
thre
e of
the
indi
cato
rs c
an b
e in
flu—
enced by physical, chemical, and biological processes, quite apart from ef—
fect
s du
e to
phos
phor
us
load
ings
.
For
exam
ple,
wate
r ex
chan
ge b
etwe
en S
agin
aw
Bay and Lake Huron proper influences the magnitude and timing of dilution of
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Results of all trend analyses for phosphorus loads and the three indica—
tors in both the inner and outer Bay are summarized in Table 30. Results are
expressed in terms of per cent decreases in each quantity over the study
period, as determined from the respective regressioncurves. The most notable
feature of the results was the disproportionate response of TP and chlorophyll
a concentrations in the inner Bay. TP concentrations decreased by only l% and
l4% in the spring and fall, respectively, while chlorophyll a concentrations
decreased by 53% and 6l% in the same seasons. The corresponding decreases for
inverse Secchi depth were 0% and l7%. Thus it appeared that chlorophyll a
concentrations in the inner Bay were uncoupled from TP concentration and in—
verse Secchi depth. Instead chlorophyll a appeared to be coupled only to the
external phosphorus loadings. The reduction in phosphorus loadings did not
appear to have any substantial effect on TP concentration or on inverse Secchi
depth.
Results for the outer Bay were more internally consistent. TP concentra—
tions decreased by 51% in the spring, and did not decrease in the fall.
Chlorophyll a concentrations appeared to track proportionately, and decreased
by 53% in the spring, and did not decrease in the fall. The general lack of
response in the fall was probably due to the typical time distribution of the -
Saginaw River input loadings and the influence of water exchange with Lake i
Huron. Most of the annual loading occurred during the first half of the 3
year. Consequently, the absolute reductions in fall loadings would be expect—
ed to have a smaller influence on the outer Bay, compared to the influence of
the open lake.
tial decrease in TP load to Saginaw Bay occurred over the period 1974—1980.
In Saginaw Bay itself, the concentrations of TP have responded slowly to this
dramatic decrease, probably due to resuspension of total phosphorus from
nutrient rich sediments (Dolan and Bierman, 1983). However, since a large
part of the phosphorus removed by municipal wastewater treatment plants is
(SRP) and the form of phosphorus affected by the detergent ban is P20s which
contributes to SRP, the SRP levels in the bay responded much more positively
(Figure 29).
i
1
l
ghanges in Free Nutrient Resources - As discussed previously, a substan— !
The decrease in SRP affected the levels of the other nutrients in the
bay. Nitrate/nitrite levels were never entirely depleted in the bay when it
was highly eutrophic because nitrogen fixing blue—green algae were present in
great abundance to make up the deficit (Stoermer, gt gl., 1982). In l980,
however, the crop of blue—green algae was virtually eliminated, especially the
nitrogen fixing species. Therefore, the bay become severely depleted in
N03+N02 in the summer/fall period (Figure 30).
Dissolved reactive silica levels were never severely depleted in Saginaw
Bay, even when it was most eutrophic. High spring loads of silica provided
the diatom crops with adequate supplies of this nutrient, and in the fall, the
diatoms could not outecompete the blue-green algae, and so did not use much
silica (Dolan, Griesmer, and McNaught, 1984). With the lack of blue-green i
algae in l980, however, fall diatom populations experienced good growth and
fully
deple
ted
the d
issol
ved
reati
ve si
lica
in th
e bay
(Figu
re 3T
).
Thus,
the
f
levels of all three primary nutrients for phytoplankton in Saginaw Bay have
decreased substantially.
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 Total rotifers decreased throughout SaginawBay but the eutrophic indica-
tors in the population exhibited a mixed response. Predatory rotifers, which
are thought to be eutrophic indicators, decreased in the highly eutrophic
areas in the bay but remained unchanged in segment 2 in 1980. Rotifers of the
genus Brachionus which have also been used as eutrophic indicators, decreased
in the spring and early summer of 1980 compared to the same periods in 1974,
but increased over 1974 levels during the late summer and fall.
PCB in Fish — A study of PCBs in various speciesof fish in Saginaw Bay
was conducted from 1977—1980 (Hendricks—Mathews and Dolan, 1984). The most
complete information was available for perch. Results indicated that there
was a distinct spatial gradient for body burden of Aroclor 1260 in whole perch
from inner to outer Saginaw Bay after length of fish was taken into account
(Table 32). Bioconcentration factors for perch were calculated (Table 33).
Aroclor 1242 did not appear to biocentrate differently depending on the area
of the bay, whereas Aroclor 1260 did. This empirical finding is in agreement
with the laboratory results of Niimi and Oliver (1983) whereby the bioconcen—
tration factor was found to increase dramatically as the degree of chlorine
substitution becomes greater. No trends in PCB body burden in perch over time
were observed.
Limited data were alsoavailable for spottail shiners from this study.
Most of the samples were in the 1—2 pg/g total PCB range, with the Aroclor
1260 levels consistently higher than Aroclor 1242. However, one sample of 25
spottails obtained at Station 7 contained 13.3 ug/g total PCB of which 11.0
ug/g wasAroclor 1260.
Spanish River
The Spanish River is an area of concern due to tainting of fish flesh in
Spanish Harbour (Figure 40). This is the result of industrial discharges from
Eddy Forest Products, Ltd. and, to a lesser degree, the town of Espanola's
municipal sewage treatment plant. Both of these effluents contain phenolic
compounds which contribute to concentrations in the river mouth area that
exceed the Agreement objective of 1 ug/L. Therefore, the Spanish River was
included in the 1980 Lake Huron intensive survey to update water quality in—
formation and to assess compliance with objectives (Ontario Ministry of the
Environment, 1983).
A number of remedial actions have been undertaken by Eddy Forest
Products. In both May and July 1980, phenol concentrations were at or below
the l ug/L level. Since this is both the Agreement objective and the limit
necessary to avoid the tainting of edible fish flesh, it appears that condi—
tions have improved in the area. However, the complete abatement program for
this industrial discharger is not scheduled for completion until 1984.
Penetang Bay to Sturgeon Bay
The Penetang Bay to Sturgeon Bay area has been studied intensively during
the ice—free season since 1973 because earlier investigations had indicated
excessive algal growths in Penetang Bay (Ontario Ministry of the Environment,
1983).
 TABLE 32
PAIRWISE COMPARISONS FOR PERCH PCB BODY BURDEN
CAUGHT AT DIFFERENT STATIONS, 1977-1980
 
LENGTH STATIONS DIFFERING
ADJUSTED MEAN SIGNIFICANTLY
STATION NUMBER AROCLOR 1260 FROM EACH OTHER*
1 1.29 pg/g 26 and 53
26 1.53 ug/g a11 but 41
29 1.23 ug/g 26 and 53
41 1.21 ug/g none
53 0.98 ug/g a11 but 41
Grand mean = 1.24 pg/g Aroc1or 1260
*a = 0.05
TABLE 33
BIOCONCENTRATION FACTORS (BCFs) FOR A1242, A1260 AND TPCB
IN SAGINAW BAY YELLOW PERCH, 1917-1980
BIOCONCENTRATION FACTORS*
SEGMENT A1242 A1260 TPCB
1 41390 60100 53600
2 50150 93850 12350
3 48820 109380 18900
4 44300 130110 95580
5 48040 119660 88890
*Based on concentrations of A1242 and A1260 1n totaT water as reported by
Richardson g3 g1., 1983.
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This part of Georgian Bay is extremely popular for most water sports,
particularly boating and fishing.
Sturgeon Bay is recognized as one of the
most important sport fishing areas in Ontario.
Five wastewater treatment
plants discharge into the study area.
The largest facilities service Midland
and Penetanguishene.
Two other plants are located at Port McNicholl and the
Ontario Hospital at Penetanguishene.
The newest system went on line in 1983
and serves the community of Victoria Harbour.
All plants are now equipped to
chemically reduce phosphorus levels in their final effluents.
However, plant
overloading at Penetanguishene and modifications or additions to the Midland
plant have interrupted the recovery of the most seriously affected parts of
the bay. The accumulated data therefore represent year—to—year variation only
and do not divide into clear—cut "pre-“ and “post-" phosphorus control periods.
Five main stations have been sampled since 1973 (Figure 41).
Samples were
collected bi-weekly from May until September and monthly during the fall.
Phosphorus — Highest TP concentrations (range of annual means - 30 to 49
ugP/L) were measured in Penetang Bay (Figure 42).
Lowest levels (range of
annual means — 15 — 20 ng/L) were measured at the open water station near
Beausoleil Island (Station P4). The other three stations were intermediate in
concentration (range of annual means — 17 — 33 ng/L).
Neek-to—week, and
year—to—year variations were considerable at times, particularly in Penetang
Bay (Figure 43).
The concentrations measured were slightly lower at Stations
Pl and P4 than those reported in 1969 (Veal and Hichalski, 1971).
Nitrogen - The organic nitrogen distribution paralleled the TP results.
Highest concentrations were generally in May and September reflecting the bi—
modal algal growth pattern.
Frequently, inorganic nitrogen supplies were
virtually exhausted in the latter part of the summer at all but the Penetang
Bay station.
In Sturgeon Bay, which is shallow and supports heavy macrophyte
growths, inorganic nitrogen levels were low most of the season until recent
years (1981 and 1982). Total nitrogen levels were higher in Penetang Bay than
levels reported previously (Veal and Michalski, 1971), but they were in the
same range at the other locations.
Silicate — Silicate (as Si) levels were generally in the same range at all
locations (range of annual means — 0.50 to 2.00 mg/L).
Highest concentrations
were measured in 1973 to 1982.
Seasonal trends and concentrations varied con—
siderably from year—to—year.
Earlier investigators (Richardson, Smith, and
Nethington, 1983) reported higher concentrations in all locations except
Sturgeon Bay.
Chlorophyll a — Chlorophyll a concentrations were highest in Penetang Bay
(Figure 44).
Lowest levels were recorded in Sturgeon Bay where phytoplankton
must compete with rooted aquatic plants for available nutrients.
Seasonal
maximum chlorophyll a concentrations were occasionally high at the open water
station (Station P4) (Figure 45).
Secchi Disc — Secchi disc depths were greatest at the two deeper stations,
P4 and M1 (Figure 44).
Poorest water clarity was in Penetang Bay. Weed
growths often interferred with Secchi disc readings in Sturgeon Bay. No
trends are evident with respect to water clarity.
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ov
in
ci
al
gu
id
el
in
e
of
20
ug
/L
re
co
mm
en
de
d
to
av
oi
d
nu
is
an
ce
al
ga
l
gr
ow
th
.
Hi
gh
nu
tr
ie
nt
le
ve
ls
in
Co
ll
in
gw
oo
d
Ha
rb
ou
r
in
pa
rt
re
fl
ec
te
d
th
e
li
mi
te
d
wa
te
r
ex
ch
an
ge
th
at
oc
cu
rs
wi
th
th
e
re
st
of
No
tt
aw
as
ag
a
Ba
y
du
ri
ng
mo
st
of
th
e
ye
ar
.
In
19
80
,
TP
le
ve
ls
ra
ng
ed
fr
om
an
an
nu
al
me
an
of
60
ug
/L
in
th
e
ha
rb
ou
r
it
se
lf
to
11
pg
/L
at
th
e
ha
rb
ou
r
ou
tl
et
.
Ch
lo
ro
ph
yl
l
9
le
ve
ls
al
so
ex
hi
bi
te
d
th
is
pa
tt
er
n.
El
ev
at
ed
ch
lo
ro
ph
yl
l
1
le
ve
ls
(a
ve
ra
gi
ng
30
ug/
L)
we
re
ob
se
rv
ed
in
th
e
fal
l
(S
ep
te
mb
er
)
wh
ic
h
co
in
—
ci
de
d
wi
th
al
ga
l
bl
oo
ms
(m
os
tl
y
di
at
om
s)
.
Du
ri
ng
th
is
pe
ri
od
,
Se
cc
hi
de
pt
h
me
as
ur
em
en
ts
in
th
e
ha
rb
ou
r
ra
ng
ed
fr
om
0.
6m
to
0.
9m
.
Th
e
Co
ll
in
gw
oo
d
se
wa
ge
tr
ea
tm
en
t
pl
an
t,
wh
ic
h
is
di
sc
ha
rg
in
g
in
to
th
e
ha
rb
ou
r,
has
be
en
up
gr
ad
ed
th
ro
ug
h
th
e
ad
di
ti
on
of
se
co
nd
ar
y
tr
ea
tm
en
t
fa
ci
l—
it
ie
s
wi
th
ph
os
ph
or
us
re
mo
va
l.
Th
e
de
si
gn
ca
pa
ci
ty
ha
s
be
en
in
cr
ea
se
d
fr
om
19
,0
00
ma
/d
ay
to
25
,0
00
m3
/d
ay
.
Th
es
e
co
rr
ec
ti
ve
ac
ti
on
s
we
re
co
m—
pl
et
ed
in
19
82
an
d
sh
ou
ld
im
pr
ov
e
ha
rb
ou
r
wa
te
r
qu
al
it
y.
NEARSHORE
In
its
re
po
rt
to
th
e
IJC
,
th
e
Up
pe
r
La
ke
s
Re
fe
re
nc
e
Gr
ou
p
(IJ
C,
19
77
)
co
n—
clu
ded
tha
t
the
wat
er
qua
lit
y
of
Lak
e
Hur
on
was
exc
ell
ent
exc
ept
for
cer
tai
n
lo
ca
li
ze
d
ne
ar
sh
or
e
ar
ea
s,
pr
im
ar
il
y
em
ba
ym
en
ts
,
ri
ve
r
mo
ut
hs
an
d
ha
rb
ou
rs
.
Ma
ny
of
th
es
e
ar
e
Ar
ea
s
of
Co
nc
er
n,
as
de
fi
ne
d
in
th
e
pr
ev
io
us
se
ct
io
n.
Ho
w—
eve
r,
ce
rt
ai
n
ne
ar
sh
or
e
re
gi
on
s,
wh
il
e
no
t
se
ve
re
ly
de
gr
ad
ed
,
sh
ow
ed
si
gn
s
of
eu
tr
op
hi
ca
ti
on
.
Th
es
e
ar
ea
s,
wh
ic
h
in
cl
ud
e
th
e
so
ut
he
as
te
rn
sh
or
e
of
La
ke
Hu
ro
n,
No
tt
aw
as
ag
a
Ba
y
in
On
ta
ri
o
an
d
Th
un
de
r
Ba
y
in
Mi
ch
ig
an
,
we
re
th
e
su
bj
ec
ts
of
sp
ec
ia
l
st
ud
ie
s
in
19
80
.
Southeastern Lake Huron
A
to
ta
l
of
56
sa
mp
li
ng
si
te
s
we
re
di
vi
de
d
am
on
g
th
re
e
ne
ar
sh
or
e
re
gi
on
s
in
so
ut
he
as
te
rn
La
ke
Hu
ro
n:
Gr
an
d
Be
nd
-A
us
ab
le
Ri
ve
r,
Go
de
ri
ch
-M
ai
tl
an
d
Ri
ve
r,
an
d
So
ut
ha
mp
to
n-
Sa
ug
ee
n
Ri
ve
r
(O
nt
ar
io
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t,
19
83
).
Th
re
e
sy
no
pt
ic
cr
ui
se
s
we
re
ca
rr
ie
d
ou
t
at
So
ut
ha
mp
to
n
an
d
Go
de
ri
ch
in
la
te
Jun
e,
la
te
Au
gu
st
an
d
mi
d
Oc
to
be
r/
ea
rl
y
No
ve
mb
er
.
On
ly
th
e
tw
o
su
mm
er
cr
ui
se
s
we
re
co
nd
uc
te
d
at
Gr
an
d
Be
nd
du
e
to
a
se
ve
re
st
or
m.
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 Pho
sph
oru
s
— E
lev
ate
d l
eve
ls
of
TP
wer
e o
bse
rve
d a
t t
he
thr
ee
stu
dy
sit
es
com
par
ed
to
the
ope
n l
ake
val
ues
of
4 t
o 5
pg/
L.
Gra
nd
Ben
d h
ad
hig
her
lev
els
in
Jun
e (
10
pg/
L)
tha
n S
out
ham
pto
n o
r G
ode
ric
h,
but
all
thr
ee
sit
es
had
sim
ila
r v
alu
es
of
5 t
o 7
pg/
L b
y
lat
e su
mme
r.
God
eri
ch
had
the
hig
hes
t
(18
pg/
L)
fal
l l
eve
ls
due
to
sto
rm—
ind
uce
d
loa
din
gs
and
sed
ime
nt
res
usp
ens
ion
.
Fig
ure
46
dis
pla
ys
the
max
imu
m m
ean
tot
al
pho
sph
oru
s
concentrations for Goderich.
Nit
rat
e—N
itr
ite
and
Amm
oni
a —
Onl
y G
ode
ric
h a
nd
Gra
nd
Ben
d s
how
ed
ele
vat
ed
lev
els
of
N03
+N0
2 i
n 1
980
.
God
eri
ch
had
the
hig
hes
t l
evel
s,
wit
h a
yea
rly
mea
n o
f 3
55
ug/
L.
NH3
lev
els
wer
e i
n g
ene
ral
low
, b
ut
wer
e h
igh
est
at
Sou
th-
am
pt
on
(8
pg
/L
)
on
a
ye
ar
ly
av
er
ag
e
ba
si
s.
Sil
ica
te
— Y
ear
ly
mea
n S
RS
lev
els
ran
ged
fro
m 0
.35
to
0.5
2 m
g/L
at
the
thr
ee
sit
es
whi
ch
is
abo
ut
hal
f o
f t
he
ope
n l
ake
leve
l.
Uti
liz
ati
on
by
nea
rsh
ore
dia
tom
pop
ula
tio
ns
is
the
pro
bab
le
cau
se
of
thi
s o
bse
rve
d d
ecr
eas
e.
Chl
oro
phy
ll
a —
Lev
els
of
thi
s i
ndi
cat
or
of
phy
top
lan
kto
n a
bun
dan
ce
wer
e
not
app
rec
iab
ly
dif
fer
ent
tha
n o
pen
lak
e l
eve
ls,
wit
h m
ean
s a
bou
t 1
ug/
L.
In
gen
era
l,
the
dis
tri
but
ion
of
chl
oro
phy
ll
a w
as
con
sis
ten
t w
ith
the
tot
al
phosphorus distribution.
Chl
ori
de
— Y
ear
ly
mea
n l
eve
ls
of
thi
s c
ons
erv
ati
ve
ani
on
wer
e e
lev
ate
d a
t
God
eri
ch
(7.
3 m
g/L
) c
omp
are
d t
o o
pen
lak
e v
alu
es
and
the
rem
ain
ing
sit
es.
Thi
s i
s d
ue
to
chl
ori
de
loa
din
gs
fro
m t
he
Sif
to
Sal
t p
lan
t n
ear
the
mou
th
of
the Maitland River.
Sum
mar
y —
Bas
ed
on
the
198
0 s
tud
ies
, t
hes
e n
ear
sho
re
are
as
in
sou
the
ast
ern
Lak
e H
uro
n c
ann
ot
be
cla
ssi
fie
d a
s e
utr
oph
ic.
Rat
her
, m
eso
tro
phy
cha
rac
ter
—
izes
the
se
nea
rsh
ore
are
as.
Nut
rie
nts
hav
e
bee
n ob
ser
ved
at
ele
vat
ed
lev
els
in
the
se
are
as,
but
cor
res
pon
din
g i
ncr
eas
es
in
chl
oro
phy
ll
a h
ave
not
res
ult
—
ed.
The
eff
ect
of
the
se
are
as
on
the
ope
n l
ake
is
a s
lig
ht
inc
rea
se
in
nutrient concentrations.
Thunder Bay
Thu
nde
r B
ay
has
bee
n s
ubj
ect
ed
to
nut
rie
nt
and
org
ani
c e
nri
chm
ent
sin
ce
its
wat
ers
hed
was
fir
st
dev
elo
ped
ove
r a
cen
tur
y a
go.
Whi
le
it
was
not
con
—
sid
ere
d t
o b
e a
n A
rea
of
Con
cer
n,
the
Upp
er
Lak
es
Ref
ere
nce
Gro
up
lis
ted
it
as
a "
pro
ble
m a
rea
“ (
IJC,
197
7).
The
maj
or
dis
cha
rge
rs
to
Thu
nde
r B
ay
inc
lud
e
two
pap
er
mil
ls,
a c
eme
nt
pla
nt
and
the
Cit
y o
f A
lpe
na
was
tew
ate
r t
rea
tme
nt
plant. The Thunder Bay River is the major tributary.
Thu
nde
r B
ay
was
inv
est
iga
ted
bet
wee
n J
uly
and
Oct
obe
r 1
980
as
par
t o
f t
he
Lak
e H
uro
n I
nte
nsi
ve
Sur
vey
(Ho
rva
th,
Har
tig
, a
nd
Sto
ckw
ell
, 1
981
).
Sam
ple
s
wer
e c
oll
ect
ed
fro
m 1
6 s
tat
ion
s i
n t
he
out
er
bay,
har
bor
and
riv
er
are
as
(Fi
gur
e 4
7).
Thr
ee
thr
ee—
day
cru
ise
s w
ere
con
duc
ted
.
The
res
ult
s a
nd
his
tor
—
ical comparisons are presented below.
Iot
al
Pho
sph
oru
s -
The
per
iod
of
rec
ord
is
196
8—1
980
.
Con
cen
tra
tio
ns
in
the
rive
r ha
ve d
ecre
ased
subs
tant
iall
y (<
30 p
g/L)
from
the
high
leve
ls
(>10
0 ug
/L)
reco
rded
in t
he l
ate
1960
's.
Harb
or a
nd b
ay c
once
ntra
tion
s in
198
0 w
ere
sli
ght
ly
low
er
tha
n t
hos
e o
bse
rve
d d
uri
ng
the
lat
e 1
960
's.
The
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FIGURE 46 PHOSPHORUS CONCENTRATIONS IN THE GODERICH AREA
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 decline of T9 in the river observed during the l972—75 period coincides with
installation of secondary treatment and phOSphorus removal at the Alpena HHTP.
Ammonia — The period of record is l962—l980. The l980 river and harbor
concentrations (.02 mg/L and .01 mg/L, respectively) were approximately one—
quarter of those in the late l960's. The sharp decline from high values of
1968—69 to the low values in 1980 occurred during the same period when im—
proved treatment was implemented at the Alpena NWTP. The pattern of decline
is similar to that for phosphorus. Historical data were not available for am—
monia in the outer bay but 1980 levels were very low (0.01 mg/L) and lower
than those for the same period in the harbor and river.
Nitrates — The period of record is 1972—l980 for the river and harbor.
Concentrations were constant over time in the river but variable and consis-
tently higher in the harbor. Outer bay l980 levels were higher (0.23 mg/L)
but similar to those in the harbor (0.l9 mg/L), and much higher than in the
river (0.05 mg/L).
Chlorophyll a - Data are sparse. For the river, l974—l980 concentrations
range from 2 to 4 ug/L. Harbor and bay 1980 values arealso within this
range and, according to criteria established by EPA (1974), these concentra—
tions are indicative of oligotrophic conditions.
Dissolved Reactive Silica — An essential element for growth and reproduc—
tion of diatoms, silica has remained stable over the period of record and has
been consistently higher in the river (7.2 mg/L) than in the harbor (l.l mg/L)
and outer bay (l.0 mg/L). The apparent increase between 1978—79 and l980
observed in the river was not statistically significant.
Conductivity — A measure of dissolved solids, conductivity has shown
little change over time and has been consistently higher in the river (350
umhos/cm) than in the harbor (225 pmhos/cm) or outer bay (2l0
pmhos/cm).
The harbor and outer bay were similar with the harbor slightly
higher.
Chloride — Concentrations in all three areas have remained similar to each
other.
Mean concentrations between 1962 and 1966 were stable between 3 and 5
mg/L, ranged from 6 and 9 mg/L between l968 and 1973, and then decreased to
approximately 6 mg/L where they have remained stable.
l980 values were lowest
in the outer bay and highest in the river.
Turbidity - A measure of water clarity, turbidity has declined slightly
since l968—69.
Values in the river and harbor have been similar to each other
(2—3 NTU) and the outer bay has been substantially lower (<l NTU).
In l980,
high values were observed in the river, with mid—values in the harbor and low
values in the outer bay.
Heavy Metals — Cadmium, chromium, copper, iron, lead, nickel and zinc and
principal cations (calcium, magnesium, sodium, and potassium) were screened
for unusually high concentrations which may indicate unnatural or pollutant
sources.
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 Concentrations of heavy metals, except for iron and zinc, generally were
at or below detection levels. Elevated iron concentrations were found in the
river with decreasing levels lakeward (mean concentration of approximately 280
pg/L in the river; l4 pg/L in the open lake). The Alpena WWTP, which uses
ferric chloride to remove phosphorus, may be the source of iron. Zinc was
found in concentrations above the detection level only in July at selected
stations. The occurrence of these elevated levels is unexplained; there is no
apparent source.
Principal cation concentrations were within typical environmental levels
(Hem, T970). Calcium, magnesium, and sodium showed decreasing levels with
increasing distance lakeward from the river. Potassium concentrations were
similar throughout the study area.
Summary - In l980, the entire bay, with the exception of a relatively
small area at the mouth of the river, was clean and oligotrophic. Overall bay
water quality resembled that of the open lake where low TP, low chlorophyll a,
and high transparency are typical. Alpena Harbor, influenced by wastewater
effluents and the Thunder Bay River, was of lower, but still quite high,
quality.
A review of water quality over time showed that the outer bay has remained
the same over the period of record and that Alpena Harbor has improved slight—
ly. Parameters associated with domestic sewage (phosphorus, ammonia, ni-
trates) declined slightly in the harbor, coincident with secondary treatment
and phosphorus removal at the Alpena WWTP and improved treatment at Fletcher
Paper Co..
Field surveys in l974—75 and l980, both conducted after improved treatment
at the Alpena HWTP and Fletcher Paper Co., but before substantial solids re-
duction at the Abitibi Corporation, showed that benthic populations were be-
coming more diverse, less dominated by organic—tolerant forms, and were tend—
ing toward a more balanced community structure as compared to observations in
1965. Recently installed facilities at Abitibi Corporation are expected to
reduce solids loading to the bay as operations become more efficient.
Nottawasaga Bay
Nottawasaga Bay is a popular summer recreational area. The area supports
a number of important fisheries including both sports and commercial. The
Mary Ward Shoals, a major fish spawning ground west of Collingwood (Figure
48), is particularly susceptible to environmental degradation from even minor
levels of nutrient enrichment. These exposed rocky shallows provide an excep—
tionally favourable physical habitat for the growth of Cladophora; however,
phosphorus levels are presently too low to support widespread growth (Jackson
and Hamdy, T982).
Nottawasaga Bay was investigated to determine the extent of enrichment in
l980 as part of the Lake Huron Intensive Survey. Four synoptic cruises were
conducted using a sampling grid of 56 stations (Ontario Ministry of the
Environment, l983).
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 Phosphorus — Yearly mean concentrations of TP ranged from 4 to 6 ug/L in
different areas of the bay, while mean levels of SRP ranged from 2 to 3
ug/L
. T
his
comp
ares
to l
evel
s of
4 an
d <1
pg/L
in o
pen
Geor
gian
Bay
for
TP and SRP, respectively.
ﬂjtrogen — Yearly mean concentrations of N03+NO2 ranged from 246
to 260 pg/L, showing little variation. NH3, however, showed marked
variation. Open Georgian Bay concentrations averaged about 2 pg/L while
levels near Collingwood Harbour were about 18 pg/L. Also, other nearshore
areas ranged from 10 to 12 ug/L.
Silicate - Year1y mean reactive silicate concentrations ranged from 0.50
to 0.66 mg/L which is about half of the open bay level. Little seasonal
variation was observed.
Phytoplankton - Chlorophyll a levels were low during the study period,
ranging from 0.87 pg/L near enriched areas to 0.54 pg/L at more remote
sites. The dominant algal class at all 9 stations studied for phytoplankton
was diatoms (Bacillariophyceae, Figure 49). Other classes comprised less than
15% of the observed assemb1ages. Minor quantities of the blue—green algae
Anabaena and Oscillatoria and eutrophic diatom species suggest the influence
of some nutrient enrichment. However, thebay, in general, has a trophic
status more like open Lake Huron, than some of the more eutrophic areas of the
Great Lakes.
Summary — Only two areas in Nottawasaga Bay showed clear signs of eutro—
phication: the mouth of Collingwood Harbour and the mouth of the Nottawasaga
River. The affected area did not extend to the Mary Hard Shoals, a major fish
spawning area. 01igotrophic conditions characterized open Nottawasaga Bay and
most nearshore areas. The presence of bloom—forming blue—green algae is a
cause for some concern, however, and warrants further surveillance.
Hater Intake Monitoring
Three Ontario water intakes (Goderich, Grand Bend and Sarnia) (Figure 50),
have been monitored weekly for phytoplankton since 1964 and phytoplankton and
chemistry since 1976. Data of this type areuseful in providing a long term
record of year—round 1imnologica1 conditions.
The phytoplankton community at these intakes was dominated primarily by
diatoms with some development of blue—green and green crops in late summer.
At Goderich and Sarnia, a steady increase in N03 nitrogen was observed
since 1976 with a distinct spring peak. Silica concentrations followed a
cyclical pattern with only a slight long term increase observed at Sarnia.
No other chemical parameters were observed to have a trend with time.
A separate report (Hopkins, 1983) has documented the water quality at
these three water supply intakes in southeastern Lake Huron covering the
period 1976-1981. While the main intended use of intake data is for long—term
trend analysis, the data can also be used for short—term (seasonal) evalua—
tions of water quality. Relative to the 1980 surface data presented in this
report (p. 120), the intake findings were comparable for most water quality
indicators; only TP levels were appreciably different (i.e. intake levels
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 wer
e a
bou
t
twi
ce a
s h
igh
as
sur
fac
e v
alu
es)
.
Sin
ce
the
int
ake
dat
a r
efl
ect
deep
er w
ater
cond
itio
ns,
the
high
er T
P le
vels
are
not
part
icul
arly
unus
ual.
Incu
rsio
ns o
f ph
osph
orus
rich
hypo
limn
etic
wate
rs a
nd r
esus
pens
ion
of b
otto
m
sedi
ment
s du
ring
stor
m ev
ents
, an
d th
e fa
ct t
hat
the
inta
ke d
ata
repr
esen
t
year
—rou
nd c
ondi
tion
s, c
ould
acco
unt
for
the
appa
rent
diff
eren
ces
betw
een
the
dee
p w
ate
r (
i.e.
int
ake
dat
a)
and
sur
fac
e t
ota
l p
hos
pho
rus
lev
els
(Hem
,
l970
).
When
all
the
vari
ous
indi
cato
rs a
re v
iewe
d
toge
ther
,the
same
gene
ral
con
clu
sio
n i
s d
raw
n f
rom
bot
h s
ets
of
dat
a;
nam
ely
, t
hat
the
nea
rsh
ore
wat
er
qua
lit
y o
f s
out
hea
ste
rn
Lak
e H
uro
n
ten
dst
owa
rds
mes
otr
oph
y.
The
int
ake
dat
a a
ppe
ar
use
ful
as
a m
eas
ure
of
lon
g—t
erm
tre
nds
.
The
dat
a
fro
m G
ode
ric
h a
nd
Gra
nd
Ben
d a
re
rep
res
ent
ati
ve
of
nea
rsh
ore
wat
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